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CHAPTER I 
GENERAL INTRODUCTION 
1.1 Synthetic features of endo-trìcycìolS.l.l.O^^decadienones 
The f/7do-tncyclo[5 2 1 02 5]decadienone system 1 can be considered as a cyclopenta-
dienone in which one of the olefimc bonds is masked in a crossed Diels-Alder adduci with 
cyclopentadiene The synthetic importance of ¿ndo-tncyclodecadienones 1 is represented by two 
aspects, viz (0 their use as key intermediates in the synthesis of the cage-type structures, (u) their 
application as synthetic equivalent of cyclopentadienones in the synthesis of cyclopentenoids 
'4-exo lace endo face 
£>iifo-tricyclo[5 2 1 02 6]decadienone structure 1 has a rigid three-dimensional structure of a 
half sphere which hxes two olefimc bonds close to each other This close spatial proximity and 
the almost parallel alignment forms the basis for the remarkably facile [π2 + π2] photocyclization 
lo produce substituted bishomocubanones 2 Further synthetic manipulation of 2 by ring 
contractions, ring expansions and functional group iranstormations leads to a variety of cage 
structures such as cubane 3, homocubane 4, bishomocubane 5 and basketane 6 1 2 These alicychc 
cage-compounds provide ideal systems for investigating stereochemical and mechanistic aspects 
of organic reactions 
£>7i/o-tncyclodecadicnones 1 are attractive compounds tor synthetic evaluation as they 
contain various functional groups with distinct chemical behavior The norbornenc Cg-C9 double 
bond can undergo elcctrophilic addition reactions3, while the enone moiety can be subjected lo a 
variety ot reactions Important reactions comprise 1,2- and 1,4-nucleophihc addition reactions at 
the enone moiety4, C2-alkylation and condensation reactions
5
, and C4-electrophilic substitution 
reactions upon manipulation of the C4-C^ bond
6
. An extremely useful application of 
еиао-tricyclodecadienone system 1 is its use as synthon for functionah/ed cyclopentenoids. 
Substituted cyclopentadienones 7 are not accessible as they generally dimerize at temperatures 
above -100°C7. £>7£/o-tricyclodccadienones 1 can serve as synthetic equivalents for 7 because they 
formally can be considered as cyclopentadienones in which one double bond is masked, which, 
however, can be readily regenerated by a (4+2)-cycloreversion reaction induced by Lewis acids8 
or thermolysis using the Flash Vacuum Thermolysis (FVT) technique9. Synthetic manipulation of 
the enone function in 1 leads to functionalized compounds 8 or 10 which on demasking using 
FVT produce the cyclopentenoid target molecules ? or Д , respectively (Scheme 1). The success 
Scheme 1 
£ 
t FVT FVT or Lewis acid 
OH Ο Γ Η , Ο 
2 E* \ ' [ (epimenzation) 
0' ' t O' 
Ì 8 10 
of this strategy is based on the fact that, due to the rigidity of the tricyclic structure, the entlo-iaœ 
of tricyclodecadienone 1 is seriously hindered and that as a consequence, the reactions at the 
enone moiety take place at the convex side exo-iace, ultimately leading to functionalized 
cyclopentenones 9 or 11 with defined stereochemistry. It is of importance to note that 
endo-tricyclodecadienones 1 can be prepared from readily available starting materials. As these 
enJo-tricyclodecadienones 1 also possess intrinsic chirality, this strategy offers in principle 
interesting prospects for the synthesis of optically active cyclopentenones. 
This synthetic strategy has successfully been applied by the Nijmegen research group10 and 
others6,11 for the synthesis of a great variety of naturally occurring cyclopentanoids and some 
pharmacologically important structures. Some cyclopentanoids such as terrein _12, pentenomycin 
13, epi-pentenomycin 14 and dihydrosarkomycins 15 have been synthesized10 by the Nijmegen 
group. 
To prepare enantiopure parent iw/o-lricyclo[5.2.1.02'6]decadienone 1 three useful methods 
2 
.он COO H 
// \ // U O H // 
OH %< 'Vu „ u χ ''CH2OH V' ' R 
O Ö 0 
12 13 14 15 R- Me Et allyl η heptyl 
have been reported sofar A first approach, devised by the Nijmegen research group12, starts from 
Scheme 2 
COOH 
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OH 
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OH OH 
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the Diels-Alder adduci 16 of cyclopentadienc with p-benzoquinone Selective epoxidation of the 
enone moiety in adduci 16 and subsequent Favorskn nng contraction ot tricyclic epoxide 17 
yields raccmic ester 18 Enzymatic hydrolysis of carboxylic ester 18 using pig's liver esterase 
(PLE) proceeds with almost complete enantioselectivity to afford both the (-)-acid 19 and 
remaining (+)-ester 18 which can be hydrolyzed by base Both enanliomers of acid 19 can be 
conveniently converted into the respective enanliomers of 1 by thermal decarboxylation in 
dimethyllormamide In the second approachllb 1 3 dicyclopentadiene 20 is stereoselectively 
converted into racemic allylic alcohol 21 by oxidation with selenium dioxide Both enantiomers 
of alcohol 21 can be obtained by en/ymatic transesterification using lipase followed by alkaline 
hydrolysis Oxidation of either enantiopure alcohol 21 with pyndinium chlorochromatc then 
produces both enantiomers ol елг/o-lncyclodecadienonc 1 A third method14 involves 
Diels-Alder adduct 22 ot cis-cyclopent 2-ene-l,4-diol and cyclopentadiene, which is 
enantioselcctively acetylated using lipase lo give one enaniiomer of monoalcohol 23 (R=At) 
3 
Protection of the hydroxyl group ol 23 with t-butyldimethylchlorosilane followed by basic 
hydrolysis gave the other antipode ol 23 (R=SiMe2Bu-t) Both enantiomers of 1 can be prepared 
by further oxidation and subsequent elimination 
It should be mentioned that both enantiomers ol ester 18 and acid 19 can only be obtained 
by the first method and not by the other approaches 
1.2 Aim and outline of this thesis 
The aim of the research described in this thesis is to further explore the chemical properties 
of treio-tncyclodecadienone system i Special attraction has been given to the extension ol the 
chemical scope of tricyclodecadienone 19, which involves chemical transformations of the 
carboxyhc group and its use as synthon for cyclopentenoids Several naturally occurring 
cyclopentenoids, such as manne prostanoids clavulones 2515, their analogues 26 and 
kjellmanianone 3316 are appropriate targets for this study The stereochemical influence of a 
6-functional group in 27 on 1,4 addition reactions to the enone moiety is also investigated 
In the introductory chapter the synthesis and reactions ol éW«-tricyclo[5 21 О26] 
decadienones 1 are briefly reviewed in connection with their use as synthons for cyclopentenoids 
with defined stereochemistry 
24 25 26 
In chapter II, the stereospecific synthesis ol clavulones 2517 and their analogues 26 using 24 
as key intermediates18 is described It will be demonstrated that the synthetic sequence to give 
intermediate 24 proceeds with a high degree ot stereoselectivity 
Chapter III deals with the eftective synthesis of a senes of 6-functionali7ed 
endo-tncyclodecadienones 27 starting trom carboxyhc acid 19 applying Barton's radical 
methodology Special attention has been given to the elimination of HX trom compound 27 with 
the aim to prepare the novel norbomenc-annulated cyclopentadienonc 2819 Structure 28 was 
assigned on the basis ot its chemical transformation to a specific dimer and by correlation with 
known compounds 
In chapter IV, the preparation of norbornene-annulated cyclopentenones 29 are described 
In chapter V, the lace selectivity dunng the 1 4-addition reaction ol 6-Iunctionahzed 
tncyclodecadienones 27 leading to 30 and 31 is further investigated and discussed in terms ot 
stenc and electronic effects 
Chapter VI deals with a stereospecilic synthesis of kjellmanianone 33 making use ot a 
4 
, Il 
о о 
27 28 
X=halo OR SR SeR 
29 30 31 
32 33 
suitably 6-funUionali/ed tncycIo[5 2 l 026|decadienone 27 and ultimate Hash vacuum 
thermolysis of 3_220 It was found that the optical rotation ol synthetic kjellmanianone 33 was not 
in agreement with previous reports in the literature, which was a reason to revise the absolute 
configuration of the natural product 
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CHAPTER II 
A STEREO- AND ENANTIOSELECTIVE APPROACH TO CLA VULONES FROM 
TRICYCLODECADIENONE USING FLASH VACUUM THERMOLYSIS* 
2.1 Introduction 
Natural products containing the cyclopentanone or cyclopentenone substructure generally 
show significant biological activity The pharmacological importance of cyclopentanoids was 
especially recognized in the early 1960s when prostaglandins were isolated and shown to be 
essential human latty acid hormones that control a multitude ot important physiological 
processes1 Later, other biologically interesting cyclopentanoids were discovered which possess 
antibiotic and/or antitumor activity2 Examples are kjellmanianone I 2 b , sarkomycin 22c, 
mcthylenomycins A 3 and В 42d, pentenomycin 52e, and a series of manne eicosanoids related to 
prostaglandins, such as clavulones 63, punaglandins 7* and halovulones 85 (X=CI, Br and I) 
These discoveries initiated enormous synthetic activity aimed at developing effective stereo- and 
enantioselecuvc methods for the construction of highly functionalized cyclopentanoids6 8 
A most direct route to these compounds would involve the chemical transformation of 
appropriately substituted cyclopenladienones 9, e.g by conjugate addition of suRable 
nucleophiles followed by electrophilic trapping of the enolate (Scheme 1) This approach, 
however, is not feasible as cyclopenladienones 9 are highly reactive molecules9 which generally 
dimen/e at temperatures above -100 °C Thcrelore, the OTi/o-tncyclo[5 2 1 O2 6]decadienone 
7 
Scheme 1 
1 Nu 
2 E f-* 
ν 
о 
12 
Diels-Alder 
reaction î FVTor Lewis acid 
1 Nu ' 
2 ET 
system 10 was explored as a synthetic equivalent of cyclopentadienones 9 In recent years, it has 
been demonstrated that this system is an extremely useful synthon for a great variety of naturally 
occurring cyclopentanoids. These tricyclodecadienones 10, which essentially are the Diels-Alder 
adducls of cyclopentadienones with cyclopentadiene, can be considered as cyclopentadienones ? 
in which one of the double bonds is protected. Chemical transformation of the remaining enone 
system, e.g. by nucleophilic addition and/or electrophihc substitution, followed by a retro 
Diels-Alder reaction of Ц induced by Lewis acid or thermolysis using the Flash Vacuum 
Thermolysis (FVT) technique regenerates this masked enone function to yield functionalized 
cyclopentenones 12. The success of this approach is primarily due to two factors, vie. (ι) the 
ready availability of e/i¿fo-tricyclodecadienones 10 (R=COOEt and H) of which both enantiopure 
antipodes can be obtained by enzymatic resolution of one of its precursors81110 u , and (ii) the high 
regio- and stereoselectivity observed for the 1,2- and 1,4-addition of nucleophiles to the enone 
moiety12. This stereoselectivity is attributed to the steric hindering of the concave endo-iu.ee in 
10 (when R=H, this effect is almost completely preponderant). This synthetic strategy has 
successfully been applied by the Ni|megen research group7 and others8 for the synthesis ol a great 
variety of naturally occurring cyclopentanoids or pharmacologically important structures. This 
chapter describes the stercospecific formal synthesis of clavulones 6 and the preparation of some 
analogues 8 using this strategy. 
2.2 Stereospecific preparation of key intermediate 13 for the total synthesis of clavulones 
Clavulones 6 are a new type of prostanoids, which were isolated from marine origin in 
19823 and shown to have strong antitumor activities. In the past few years, the synthesis of these 
marine prostanoids has been accomplished in racemic form as well with the natural 
configuration13 In these synthetic approachesnac precusor 13 is used as the key intermediate 
(Scheme 2) Also a clavulone synthesis is known13d e which start from the Corey lactone, the well 
ach irai 
achí ral 
chi ral 
o^° 
OTMS 
OTMR 
Scheme 2 
S gives racemate 
. gives optically 
active compd 
OH H 
known Prostaglandin intermediate Among the syntheses shown in Scheme 2, only Yamada's 
route13b proceeds via intermediate 13 in optically active but not enantiopure form (the 
enantiopunty is ca 64%, vide mfia) In this section, a stereospecihc synthesis ot the key 
intermediate 13 is described, which can be used tor the complete enantiospecific synthesis ot 
clavulones 
It has previously been demonstrated120 d that tricyclic epoxy ketone 15 undergoes a regio-
and stereoselective nucleophihc addition with both metal hydrides and organolithium compounds 
to form epoxy ent/o-alcohols 16 The present approach to clavulones is based on the observation 
(Scheme 1) that nucleophihc addition to epoxy ketone IS will take place preferentially from the 
convex side ot the molecule Subsequent reductive epoxy opening, selective oxidation of the 
secondary alcohol function and thermal cycloreversion then ultimately will lead to 4-hydroxy-
cyclopentenone 13, which is the key intermediate mentioned above 
Scheme 4 
о о' 
14 15 16 17 13 
For the synthesis ot enantiopure parent evii/o-tricyclodecadienone 14, which is the pivotal 
starting material in this strategy, three practical methods have been reported so far. They are 
based on the en/ymatic enantioselective hydrolysis or eslenfication ot a suitable tncyclodecenyl 
precursor8h 1 0 n(see also Chapter I) One ot the most elficient routes, which was reported by the 
Ni]megen group10, involves the kinetic resolution ol enone ester 20 using pig liver esterase (PLE) 
9 
Enantiopure 20, which is noi obtainable by the other two methods, is also the starting material for 
the synthesis of some clavulone analogues (sec section 2.3). 
Racemic tricyclic ethyl ester 20 can easily be obtained by selective epoxidation of the 
enone moiety in Dicls-Alder adduci 18 ot cyclopentadiene and p-benzoquinone, followed by a 
Favorskn ring contraction of the resulting tricyclic epoxide 19 as shown in Scheme 4 1 0 
Scheme 4 
Q4 
> 9 0 % 
EtOH OH 
'-Ή 
COOEt 
18 19 20 
Treatment of racemic tricyclic ethyl ester 20 with PLE at room temperature in a 0. Ш phosphate 
buffer (pH 8.0) containing acetomtnlc as the co-solvent, resulted in a slow hydrolysis to give 
carboxylic acid (-)-21 in excellent chemical yield and with a high cnantiopunty. The 
enantiopunty could be further improved by crystallization (Scheme 5). Ester (+)-20 was obtained 
Scheme 5 
Ή 
PLE butler pH 8 
COOEt 
(±)-20 
COOEt 
yield= 48% 
HOOC 
(+)-20 
(c=0 86 CHjOH) 
repeat of 
enzymatic hydrolysis 
Ή 
COOEt 
OH 
О 
W-20 
[ a ] o " = + 1 0 6 3° ee= 100% 
(c-1 02 CH,OH) 
-)-21 [a]022= 83 0° 
ee= 100% 
(c=0 66, CH3OH) 
X. COOH 
О 
W-21 
[ a ] D 2 2 = +84 0° ee= 100% 
(c=0 47 CH3OH) 
during this en/ymatic process as the remaining ester which, after repeated en/ymatic hydrolysis 
followed by alkaline hydrolysis, gave enantiopure antipode (+)-21. In order to determine the 
enantiopunty of ester 20 and acid 21, the tricyclic structure (-)-21 was correlated with a known 
optically active compound, viz 1,3-bishomocubanone (+)-22, which has been prepared by 
Nakazaki14 Its absolute configuration was determined by using CD spectroscopy. 
10 
The conversion of (-)-21 into cage ketone (+)-22 was accomplished by photo-ring closure 
after decarboxylation as depicted in Scheme 6 The vinylogous ß-ketoacid, (-)-21 ([cc]D22= -83°, 
Scheme 6 
(+)-22 
23 24 
c=0.66, CH3OH) was readily decarboxylated by heating in dimethylformamide at 155°C to give 
the parent tncyclodecadienone 14 ([a]D22= +141 2°, c=0.68, CH3OH, after recrystallizalion from 
hexane), in 83% yield Intramolecular photochemical cychzation of (+)-14 gave 1,3-bishomo-
cubanone (+)-22 in quantitative yield. Its optical rotation (La]D22= +11°, c=0.67, CHC13) was 
identical to that reported by Naka/aki et al14 Although this result strongly suggests that 
enantiopure (+)-22 was obtained Irom optically pure tricyclic acid (+)-14, there is still some 
suspicion about the stereochemical course of the decarboxylation step (21 to 14) The initially 
obtained product (+)-14 alter flash chromatography gave an optical rotation of only 125-130°, 
suggesting that some racemization may have taken place during the thermal decarboxylation 
reaction or alternatively that the starting acid 21 was not enantiopure In order to remove any 
doubt about the integrity ot the decarboxylation step, the conversion of 21 into 14 was performed 
in an alternative manner, namely by employing Barton's radical decarboxylation method 15 
Applying this approach no racemization is teasible8d. Conversion ol (-)-21 into the corresponding 
acid chloride 23 followed by treatment with N-hydroxypyndin-2-thione sodium salt gave 
N-acyloxypyridin-2-lhione 24 which was exposed to light in benzene at reflux in the presence of 
t-butyl mcrcaptan Enantiopure (+)-14 was obtained alter column chromatography ([a]D25= 
+ 139°, c=0.95, CH3OH). This result proves that (-)-21 as obtained by the enzymatic resolution is 
enantiopure and that as a consequence, the thermal decarboxylation of 21 must be accompanied 
by partial racemization (see initially obtained optical rotation) This supposition has been put 
loreward by Garland et al8c- who repeated the procedure described here for the decarboxylation in 
dimethyltormamide and suggested that a process ot a retro Diels-Alder and recombination 
reaction may be responsible lor the observed racemization Assuming that a retro Diels-Alder 
reaction is indeed taking place at a temperature of I55°C, the decarboxylation of 21 was 
attempted at a lower temperature and a prolonged reaction time, viz at 100°C for 24 hrs This 
experimental condition gave a satisfactory result, as the decarboxylation product 14 now had an 
optical rotation of [a]D 2 5= +138 5°(c=0 41, CH3OH) alter column chromatography (chemical 
yield 78%) The results described above indicate that during the decarboxylation at ta 100°C the 
stereochemical integrity is retained and that the chemical transformation of (-)-21 into (+)-22 
provides a useful method for establishing the optical punty and absolute configuration ot (-)-21 as 
well as that of (+)-14 As parent tricyclodecadienonc 14 is an important chiron in the synthesis of 
cyclopentenoid natural products, some further comment on its optical rotation is in place The 
reports80 l l a about the optical rotation are rather confusing, because different solvents are used It 
was found that the optical rotation ot 14 exhibits a considerable solvent effect, as is exemplilied 
by the following data [ct]D25=141 2° (c=0 67, CH3OH), [a]D25=150 2° (c=0 53, CH2CI2) and 
[ct]D25=166 7°(c=0 95, CHCI3), respectively 
The key intermediate (-)-13 for the clavulonc synthesis was obtained Irom (+)-tricyclo-
[5 2 1.026]decadienone 14 in six steps by the sequence of events outlined in Scheme 7 
Scheme 7 
R=CH 2 C=C(CH 2 ) 4 CH 3 
\ Γ •" СООМ 
3 0 (9%) (-) 1 3 (84%) clavulones 6 
Ето-epoxide (+)-15 was readily obtained in almost quantitative yield by treatment ol (+)-14 with 
hydrogen peroxide under basic condition Attempts to introduce the alkynyl chain into tricyclic 
epoxide (+)-15 by using oct-2-ynyl magnesium bromide, unexpectedly gave a complex mixture of 
12 
products containing alcohols 25 and 26 in a disappointingly low yield A satisfactory result was 
obtained by applying the less reactive oclynylzinc reagent Again, attack of the organometalhc 
reagent takes place preferentially trom the convex side of the molecule Epoxide (+) 25 was 
formed as the sole product in nearly 909Í yield It is interesting to note that with zinc reagent no 
detectable rearranged product 26 was found, whereas similar reactions with n-butylhthium and 
methylhthium lead to a mixture of 25 and 2612bd 16 
Reduction of (+)-25 with lithium aluminum hydride in letrahydrofuran at room temperature 
for three days slowly produced the desired 1,3-diol (+)-27 in 77% yield This remarkable 
conversion ol (+)-25 into (+)-27 can be rationalized as follows Epoxide (+)-25 itself cannot 
undergo a reductive epoxide opening as its endo-face is stencally blocked for hydnde attack by 
the Cg-C9 ethylene bridge However, the initially formed lithium aluminum alcohólale 25 M can 
undergo a Payne rearrangement16 as the endo alcohólate is tavorably disposed for intramolecular 
nucleophilic attack trom the concave tace ol the molecule The rearranged epoxide alcohólate 
26-M now can undergo epoxide opening by hydride attack from the readily accessible exo 
(convex) face, to give diol 27 Support for this mechanistic course was obtained by the reaction ot 
25 (R=Mc) with lithium aluminum deutende which gave ejco-deuteratcd diol 27-D (R=Me) 
Scheme 8 
25-M R=CH3 
exclusively16 (Scheme 8) It should be noted that this conclusion is in contrast with that recently 
reported by Liu17, who claimcs that direct epoxide ring-opening ot 25 to afford the 3,5-diol 27 is 
the primary pathway 
In the subsequent step this diol (+) 27 was subjected to thermal cycloreversion employing 
the flash vacuum thermolysis technique In a smooth manner cyclopentene diol (+) 28 was 
obtained in a yield of 72% Oxidation ol 28 with pyndinium chlorochromate furnished γ hydroxy 
cyclopentenonc (+)-29 in almost quantitative yield The selective hydrogénation of 29 using 
Lindlar catalyst strongly depended on the solvent used The best result was obtained in toluene 
giving key intermediate (+)-13 in 84% yield ([a]D25= -84 0°, c=0 31, CHCl3) (lit13b fa]D= -54 Io, 
c=l 52, СНСЦ) along with a small amount of ring saturated by product 30 (9%) 
Because of the considerable difference in optical rotation of compound 13 observed in the 
present case and that reported in the literature130, it is necessary to provide unambiguous 
înlormation about the enanliopunty of this compound An •FINN-IK spectral analysis of 13 using 
chiral shift reagents employing its racemate as reference material, unequivocally established that 
the enantiopunly of compound 13 prepared according to Scheme 7 is almost 100% 
13 
Consequently, the product 13 prepared by Yamada in his approach to clavulones has a much 
lower enantiopunty, namely ca 64% In order to check whether Yamada s route indeed leads to a 
lower enantiopunty of 13, this route was carefully repealed (Scheme 9) In this route the 
stereochemical integrity is determined in the First step which involves the reaction of the enolate 
of t-butyl acetate with hydroxy cyclopentenone 31 This substrate was available with an 
enantiopunty of 52%18 Reaction of 31 with 2 2 equiv of lithium enolate of t butyl acetate in 
Scheme 9 
он 
''* ^^\. 
Π~—\ CO,Bu t / 
CH,CO,Bu t 
tetrahydrofuran at -78°C for 15 min gave diol 32 ([otlD"= 27 7°, c=l 39, CHC13, alter 
chromatography) A gas chromatographic analysis showed only one peak and thin-layer 
chromatography gave only one spot, indicating the quantitative formation ol cis-diol, as was also 
suggested by Yamada However, the optical purity was still not known Fortunately, storing 
cis-diol 32 in the refrigerator for two weeks gave some crystalline material, which was used tor 
seeding purposes in the subsequent crystallization of the oily product obtained Repeated 
crystallization until constant optical rotation, led to 32 as nice needle crystals (m ρ = 69 5-7 ГС, 
[a]D 2 5= -56 6°, c=l 32, CHCI3) The optical rotation obtained for 32 is much higher than that 
reported by Yamada ([ot]D= 45 9°, c=l 12, CHC13, they did not mention that it was a solid ') 
This result convincingly proves that the product prepared by Yamada is not enantiopurc This 
lower enantiopunty can be explained by invoking a base induced racemization of 31, which in 
fact is an enohzation reaction, as shown in Scheme 10 
Scheme 1Ü 
он 
In summary, the chemistry presented in this section clearly demonstiales that 
tncyclo[5 2 1 02 6]decadienone 14 is a useful chiron for the stereospecific synthesis ot 
cyclopentenoids The preparation of key intermediate 13 represents a formal total synthesis of 
clavulones 6, as this intermediate has been converted into this natural product by Yamada13b 
starting from 13 with an enantiomeric excess of 647c and by Corey13a starling from racemic 13 
14 
2.3 Total synthesis of some clavulone analogues 
Soon after ihe reports3 on clavulones 6, several halogenated marine prostanoids e g 
punaglandins 7 4 and halovulones 8 s were isolated The antitumor activities of these prostanoids 
having a halogen atom in the cyclopentenonc moiety are much higher than those of clavulones 6 
In the past few years, the synthesis of some halogenated marine prostanoids has been 
accomplished19 In attempts to find a clinically uselul compound, a great variety of marine 
7 | 33 
prostanoid derivatives 33 have been synthesized Most of them are reported in the Japanese patent 
literature20 Biological evaluation ot these analogues of clavulones has led to the following 
structure activity relationship in this class of compounds (ι) the C 1 0 u olelin unit is essential tor 
the activity, (π) a halogen atom at C 1 0 increases the activity of the clavulones, (in) the C 1 2 
hydroxyl or acetate is also required lor tuli activity21 It should be noted that some C 1 0 substituted 
analogues 33 with Y=S(0)
n
R showed significant anticancer activity and bone formation 
promotion201' In view ot the apparent highei antitumor activity of C J 0 substituted clavulone 
analogues, the synthesis and biological evaluation of clavulones with a modified substituent at 
C 1 0 is clearly of interest In this section an effective approach to C 1 0 hydioxymethyl substituted 
analogues is described, using the strategy outlined in the preceding section 
Relrosynthetic analysis of these target molecules indicates that by employing the strategy as 
depicted in Scheme 1, this structural modification at C 1 0 in clavulone type compounds can be 
achieved when 6-tunctionali/ed tricyclodecadicnone 20 is used instead ol the parent synthon 14 
This approach, if succcsslul, will expand the synthetic merits ot the tricyclodecadienone system 
The stereoselective synthesis ot hydroxymethyl precursor 44 lor modified marine 
prostanoids is depicted in Scheme 11 This sequence of events involves chemical transformation 
of the ethoxycarbonyl group at Cb in tricyclodecadienone (see also Chapter III)22, which in this 
case is a reduction to the hydroxymethyl group by bnel treatment of compound 36 with lithium 
aluminum hydndc Protection ot the thus obtained alcohol Junction as a lelrahydropyranyl ether 
was neccessary to attain selective oxidation of the secondary alcohol at C5 in 40 to give 41 FVT 
was carried out with the oxidized compound 4Ί, rathei than with the alcohol 40 for reason ot 
better volatility ot the lormcr compound This order ot reactions is a nice example ol choosing the 
right moment of FVT in a synthetic sequence In the linai step reduction ol the triple bond using a 
Lindlar catalyst afforded the desired precursor 44 in a high overall yield (45%, based on 20) 
The preparation ot 37 could be accomplished by reduction ot the epoxy and ester group in 
one step by prolonged treatment ol compound 36 with lithium aluminum hydride An attempt to 
IS 
Scheme 11 
500 °C I02mbar 
82% 
43 44 
4 2 R - H 
selectively protect the primary hydroxyl group ot compound 37 did not meet with success It was 
found however that the sequence ol reduction-protection reduction is very practical A drawback 
is the introduction of an extra stereogenic center in compound 39 via the tetrahydropyranyl ether 
unit, which makes the characterization of the products rather troublesome because ol the 
diastereoisomenc mixtures obtained For that reason product 41 was deprotecied to give diol 42 
which could be characterized by spectroscopic means without any problem 
The introduction of the second side chain in precursor 44 was accomplished as depicted in 
Scheme 12 Aldol condensation ot the lithium enolate derived from precursor 44 (by treatment 
with 3 equiv of lithium dnsopropylamide) with unsaturated aldehyde5b 45 (2 equiv ) in 
tetrahydrofuran at -78"C for 2 hrs smoothly furnished a mixture ot diasiereoisomers 46 in 9()CA 
yield (based on consumed 44) This mixture, in principle, contains 8 diastereoisomers due to the 
Scheme 12 
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46 
stereogenic centers al C7, C8 and the tetrahydropyran unit Column chromatography resulled in 
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the partial isolation of compounds 46a,b (cis-configuration of the side chains) and compounds 
46c,d (rrani-configuration of the side chains) with unspecified stereochemistry at C7 and the 
letrahydropyranyl unit in both cases The attempted elimination ot the ß-hydroxyl groups at C7 in 
46 by using either l,8-diazabicyclo[5 4 0]undec-7-ene (DBU) or mesyldlion with subsequent base 
treatment did not produce the desired products Satisfactory results were obtained however, by a 
base-induced elimination of the corresponding acetates of 46 (Scheme 13) Upon treatment of the 
Scheme 13 
trans mixlure 46c,d In both cases E/Z = 3 5/1 4 7 Z 
mixture ot 46a,b with acetic anhydride at room temperature in the presence of 4-dimethyl-
aminopyndine (DMAP), smoothly gave the desired products 47E and 47Z in more than 90% 
yield and in a 3 5 1 ratio, which could be readily separated by chromatography When the same 
treatment was earned out with the mixture of 46c,d, acetate intermediates did not eliminate at all 
at room temperature However, complete acetate elimination was accomplished upon heating the 
mixture at reflux in benzene lor 24 h, to give the respective geometrical isomers 47E and 47Z as a 
mixture again in a ratio of 3 5 1, but now in a moderate yield of 56% The slower reaction rate 
observed for the elimination in the acetates of 46c,d may be either due to the decreased 
accessibility of proton H8 in these vans α,β dialkylatcd cyclopentenones as compared with their 
as-isomers 46a,b or to an increase oi the Van der Waals interactions between the two tranv-alkyl 
chains which, upon deprotonalion, are forced trom a trans configuration into a 
'gauche' configuration Deprotonation at C8 in both the acetates of 46a,b and 46c,d brings about 
the same enolatc mixture which then rapidly eliminates to form the observed alkene mixture The 
finding that the alkene ratio is the some lor both mixtures 46a,b and 46c,d indicates that product 
formation is thermodynamically driven In the final step deprotection of both 47E and 47Ζ was 
carried out using acetic acid in water (80%) to give 48E and 48Z in 50% yield, respectively 
(Scheme 14) Both 48E and 48Z are not stable when stored at room temperature This instability 
may be the reason tor the moderate yield obtained during the deprotection step The final products 
48E and 48Z showed an optical rotation ot [aJD25= 2 8° (c=l 11, CH,OH) and -I 2° (c=0 26 
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СН3ОН) and had NMR and IR spectra which showed high resemblance with those of 
clavulone-type compounds1·5. No attempt has been made to establish the enantiopunlies ol 48E 
and 48Z. Since cyclopentenone 44 was obtained from enantiopure cyclic ester 20 applying 
essentially the same approach as used for the synthesis of 13, in which the enantiopurity ol' 13 has 
unequivocally been established, compound 44 should be also enantiopure. As no raccmization at 
the chiral center of C 4 in 44 is conceivable during the subsequent condensation and elimination 
reactions, analogues 48E and 48Z should also be enantiopure. The remarkably low optical 
rotations observed for 48E and 48Z are not deviating from the optical rotations observed for other 
clavulone-type compounds, some of them also have low values3 a , 5 a b l 3 e. The assumed 
Table 1. Selected ^I-NMR data (400 MHz) of 48Eand 48Z 
48E 
48Z 
H 5 
δ 6 23(dt, J 4 s=7 0, 
J 5 6=15 0 Hz) 
5 6 13(dt, J 4 S =7 0, 
J 5 6 =15 3Hz) 
H 6 
5 6 54(dd, J5 6=15 0, 
J 6 7 =119Hz) 
0 7 58(dd,J5 6=15 4, 
J 6 7=11.4 Hz) 
H 7 
δ 6 92 
(d, J 6 7=11 8 Hz) 
5 6 55 
(d, J 6 7=11 3 Hz) 
H„ 
δ 7 29(s) 
5 7 31(s) 
H 1 4 a n d H 1 5 
5 5.50 and 5 17 
(J 1 4 1 5 =10 9Hz) 
5 5 51 and 5 21 
(J 1 4 1 5 =10 8Hz) 
frans-configuration of the C5-C6 double bond and the гіл-conliguration of the C1 4-C1 5 double 
bond in both compounds 48E and 48Z were confirmed by the coupling constants observed for the 
olefinic protons, J56=15.0 Hz and 15.3 Hz, and J1 4 15=10.9 Hz and 10.8 Hz, respectively (Table 
1). The Ζ configuration of the C7-C8 double bond in 48Z was proven by the observation of a 
relative low-field shift for H6 (δ 7.58) in 48Z as compared with H6 (δ 6.54) in 48E. In a similar 
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way, the E configuration ot the C7-Cg double bond in 48E could be derived from the relative 
low-field shitt observed lor H7 (δ 6 92) in 48E as compared with H7 (δ 6 55) in 48Z The 
deshielding observed for proton H6 in 48Z and H7 in 48E are the result of the anisotropic eflcct of 
the cyclopentenonc carbonyl group 
In this chapter it was shown that the stereoselective synthesis ot clavulones and analogues 
thereof can indeed be realized starting from endo-iricyclo[5 2 1 02 6]decadienone 2-carboxylic 
compound 20 Further studies to extend this approach to the synthesis of halovulones are 
described in the next chapter 
2.4 Experimental section 
Genei al ïemaiks 
Melting points were measured with a Reichert Thermopan microscope and uncorrected IR 
spectra were recorded on a Perkin Elmer 298 infrared spectrophotometer Ή and 13C-NMR 
spectra were recorded on a Brukcr AM-400 spectrophotometer, using TMS as an internal 
standard For mass spectra a double focussing VG 7070E mass spectrometer was used Capillary 
GC analyses were performed using a Hewlett-Packard 5890A gas Chromatograph, containing a 
cross-linked methyl silicone column (25m) Flash chromatography were carried out al a pressure 
ot ca 15 bar, a column length ot 15-25 cm and a column diameter of 1-4 cm, using Merck 
Kiesclgel 60H Elemental analyses were pcrtormed on a Carlo Erba Instruments CHNS О 1108 
Elemental analyzer Optical rotations were determined on a Perkin Elemer 241 Polarimeter 
Flash Vacuum Thermolyses was carried out using the FVT apparatus as developed at the Organic 
Laboratory ot the Nijmegen University All solvents used were dried and distilled following 
standard procedures 
(+) (¡R,2R,6RJS) Endo tiicvtlo[5 2 1 026] dec 4,8 en 3 one 14 
Method 1 Barton's radical decarboxylation1'' 
A solution ol carboxyhc acid ( )21 (190 mg, 1 mmol, [a]D22= -83", c=0 66, CH3OH) in benzene 
(5 ml) was treated with oxalyl chloride (0 3 ml) and a drop of dimethylformamide with stirring at 
room temp After stirring for 2 hrs with protection Irom moisture, the solvent and excess oxalyl 
chloride was evaporated and the residual acid chloride was used as such 
A solution of acid chloride in benzene (5 ml) was added dropwise (15 mm ) to a dried, stirred 
suspension ol N-hydroxypyridin-2-thione sodium salt (180 mg, 1 2 mmol) in refluxing benzene 
(10 ml) containing t-butyl mercaptane while irradiating with a 250 w tungsten lamp in an inert 
atmosphere After completion ot the addition, the reaction mixture was cooled to room temp and 
evaporated to dryness The crude product was purified by flash Chromatograph over silica gel 
(n-hexane/elhyl acetate = 95/5) to give (+) 14 (90 mg, 62%) as a white crystalline material, 
[a]D2,= +139°, (c=0 95, CH3OH) 
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(+)-14 Ή-NMR (400 MHz, CDCI3) δ 7 38 (dd, J4 5=5 7 Hz, J 5 6 =2 6 Hz, IH, H5), 5 96 (d, 
J 4 5 =5 7 Hz, IH, H4), 5 94 A of AB (dd, J g 9=5 6 Hz, J, 9 resp J 7 8=2 9 Hz, IH, H8 or H9), 5 78 В 
of AB (dd, J 8 9 =5 6 Hz, J, 9 resp J 7 8=3 0 Hz, IH, H8 or H9), 3 42, 3 22 and 2 97 (3 χ brs, 3H, H,, 
H6 and H7), 2 80 (dd, J, 2= J2 6=5 1 Hz, IH, H2), 1 74 and 1 63 AB χ 2 (2 χ d, J1 0 a l 0 s=8 4 Hz, 2H, 
H 1 0 a and H1 0 s) GCEI/MS m/c (%) 146 (84, M+), 118 (33, M+-CO), 81 (13, M++1-C,H6), 66 
(100,C5H6+) 
Method 2 thermal decarboxylation 
A solution of (-)21 (190 mg, 1 mmol, [a]D22= -83°, c=0 66, CH3OH) in DMF (10 ml) was stirred 
at 100-110 °C for 24 hrs in a N2 atmosphere The reaction mixture was concentrated m vacuo and 
further purified by flash chromatograpy (n-hcxane/ethyl acetate = 95/5) to give 14 (115 mg, 78% ) 
as a white crystalline material, [a]D 2 5= +138 5", (c=0 41, CH3OH) 
(+)-(lR,2S,4S.5S.6R.7S)-<ixo-4,5-Epox\ endo тслс!о[5 2 1 О26] dei-8-en-ì-one 15 
Hydrogen peroxide (35%, 3ml) and an aqueous solution ot sodium hydroxide (0 2 N, 4ml) were 
added to a solution of (+)-14 (970 mg, 6 6 mmole, [a]D= +139°, c=0 95, CH3()H, ee= 997r) in 
C H J C ^ C H J O H (1 1, 20 ml) with vigorous stirring at room temp Stirring was continued for 30 
mm The mixture was poured into dichloromethane (100ml) and washed with brine, dried 
(Na2S04) and concentrated m vacuo The crude product was chromatographed (n-hexane/ethyl 
acetate = 95/5) to give a sticky solid 15(1 03g, 95%) 
15 Lot]D25= +189 2° (c=0 46, CH3OH) 'H-NMR (400 MHz, CDC13) δ 6 09 (dd, J 8 9=5 7 Hz, J, 9 
resp J 7 8=2 5 Hz, IH, H8 or H9), 6 03 (dd, J 8 9=5 7 H/, J, 9 resp J7 R=2 8 Η/, IH, H8 or H9), 3 58 
(t, J 4 5 =l 9 Hz, IH, H4), 3 20-3 25 (m, 2H, H2 and Hs), 3 08-3 11 (m, 2H, H, and H7), 2 74-2 79 
(m, IH, H6), 1 62 A ot AB (dt, J1 0 a 1(K=5 6 Hz, IH, one of H10), 1 46 В ot AB (d, J1 0 a 1 0 s=5 6 H/, 
IH, one of H ] 0) IR (CH2C12) ν 3100 2820 (C-Η), 1735(C=0), 1120, 1090 cm ' ΕΙ/MS m/e 
162(M+), 97(M+1-C,H6) Found С 73 91, Η 6 13 [cale ior C 1 0H 1 0O2 С 73 05, Η 6 21] 
(+)-(lR,2S,3S,4S,5S,6R.7S)-e\o-3-(Oct 2-ynyl)-exo-4,5-epoxy-endo-tiic\tlol5 2 1 026l-dec-8-ene 
endo-J-o/25 
Zinc powder (7 5 g, 0 12 mol) was added rapidly to a stirred, heated solution (120 °C) ol 
copper(II) acetate (0 75 g, 4 mmol) in acetic acid (37 ml) The mixture was stirred for an 
additional 1 min and then filtered while hot The powder was washed several times with ether, 
then healed under reduced pressure (oil pump, 120°C) for one hr Alter cooling to room temp , 50 
ml of THF and l-bromo-2-octyne (2 84 g, 15 mmole) was added and the mixture refluxed for 2 
hrs in a N2 atmosphere After cooling ю room temp , a solution ol (+)-15 (540 mg, 3 3 mmole) in 
THF (10 ml) was added Stirring was continued overnight The reaction mixture was poured into 
saturated NH4C1 solution (50 ml) and extracted with ether (4 χ 50 ml), washed with water, brine, 
dried over Na2S04 and then concentrated in vacuo The crude product was purified by flash 
chromatography (n-hexane/ethyl acetate = 97/3) to give 25 (820 mg, 90 Ve) as a light yellow oil 
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25 [a]D 2 5= +102 3° (c=0 83, CH3OH) Ή-NMR (400 MHz, CDC13) δ 6 27 and 6 05 AB (2 χ 
dd, 2H, Hg and H9), 3 19-315 (m, 2Н. Н4 and Н5), 2 95-2 90 (m, 2Н, H, and Н7), 2 80-2 85 (m, 
IH, H2), 2 40-2 62 (m, 3H, H6andH1 0), 2 30 (s, IH, OH), 2 17-2 19 (m, 2H, H,,), 140-1 65 and 
1 29-1 35 [2 χ m, 8H, -(CH2)4-], 0 90 (ι, J=7 2 Hz, 3H, CH3) IR (CH2C12) ν 3540 (free OH), 
3100-2820 (C-Η) cm 1 EI/MS m/e(%) 272 (0 6, M+), 206 (6, M+-C5H6), 189 (3, 
М
++1-С5Н6-Н20), 67 (100, С5Н6++1) EI/HRMS m/e 272 1777 [cale for С1 8Н2 402(М+) 
272 1776] 
(+) (1R.2S,3R.5R,6R.7S)-exo-3-(Oct-2-yn\l)-eiiuo tncyclofS 2 1 026ldec-8 e/ie-J-endo-5-exo-
dtol 27 
Lithium aluminum hydride (500 mg) was suspended in fresh distilled THF (50 ml) with stirring aL 
room temp Stirring was continued for 30 mm , then the mixture was allowed to settle overnight 
A clear solution of lithium aluminum hydride (40 ml) was now added to a solution of epoxide 
(+) 25 (390 mg, 1 43 mmole) in THF (20 ml) with stirring at room temp in a N2-atmosphere 
Stirring was continued for 3 days Reaction was stopped by carefully adding ethyl acetate (10 ml) 
and saturated NH4C1 aq (0 5 ml) Stirring was continued for 30 min , Na2SO4(30 g) was added 
and the mixture stirred for another 30 min The solid was filtered off and washed with ethyl 
acetate The combined organic layers were dried (Na2S04) and concentrated in vacuo Flash 
chromatography (n-hexane/ethyl acetate = 8/2) provided (+)-27 (325 mg, 83%) as a colorless oil 
27 [a]D 2 ,= +43 5°(c=0 95, CH3OH) 'H-NMR (400 MHz, CDC13) δ 6 29 A of AB (dd, J 8 9 =5 6 
Hz, J,
 9 resp J7 8=2 9 H/, 1H, H8 or H9), 6 03 В of AB (dd, J8 9=5 6 Hz, J, 9 resp J7 8=3 0 Hz, 1H, 
H8 or H9), 3 78 (d, J4 ,=6 3 Hz, IH, H5), 2 90 and 2 96(2 χ brs, 2H, Щ and H7), 2 83 (m, IH, H2), 
2 66 (m, IH, H6), 2 62 and 2 54 AB system (2 χ dt, J1i a b=13 6 Η/, 2H, Н п ) , 2 19(m, 2Н, Н14), 
2 05 (brs, IH, ОН), 1 90 Aot AB(dd, J j h=14 1 Hz, J 4 5=6 3Hz, IH, one of H4), 1 72 В of AB (d, 
J=14 1 Hz, IH, one of H4), 1 63 (brs, IH, OH), 1 25-1 55 (m, 8H, Н 1 0 and -(СН2)3-), 0 90(t, J=7 2 
Hz, 3H, CH3) IR(CH2C12) ν 3590 (free ОН), 3100-2820 (C-Η) cm 1 CI/MS m/e(%) 275 (0 5, 
M++l), 257 (9, M++1-H20), 239 (8, M++1-2H20), 208 (4, M+-C5H6), 99 (100, ), 66 (29, С5Н6Ч) 
CI/HRMSm/e 274 1929 [cale forC,8H2602(M+) 274 1933] 
(+)-(! R,3R)-1 (Oct 2-\n\l)-c\clopent-4-ene l.3-dwl2% 
Flash vacuum thermolysis о! (+)-27 (400 mg, 1 46 mmole) was carried out as described in the 
appendix at the end of this chapter (sample temp 120"C, oven temp 550°C, cold trap temp 
-78°C, pressure 3x10 2 mbar) Flash chromatography (n-hexane/ethyl acetate = 3/1) provided a 
pure compound 28 (220 mg, 72%) 
28 [a]D 2 ,= +31 8° (c=0 69, CH3OH) Ή NMR (400 MHz, CDC13) δ 5 98 (dd, J 4 5 =5 6 Hz, 
J 3 4=2 2Hz. IH, H4), 5 89(d, J4 ,=5 6 H/, IH, H5), 4 96 (d χ m, J 2 j ,=7 2 Hz, IH, H3), 2 60 AB 
(dd, 2H, H6), 2 33 A ol AB (dd, Jüb=14 4 H/, J2a3=7 2 Hz, IH, one oi H2), 2 14-2 20 (m, 2H, H9), 
1 93 В of AB (dd, J
ab=14 4 Hz, J 2 M =2 8 Hz, IH, one of H2), 1 52 1 25 [m, 8H, 2 χ OH and 
-(CH2)3-], 0 90 (l, J=7 2 H/, 3H, CHj) IR (CH2C12) ν 3580 (free OH), 3600-3100(H-bonded 
21 
OH), 3100-2820 (C-Η), 1055 cm ' Cl/MS m/e(%) 208 (0 2, M+), 191 (26, M+1-H20), 173 (21, 
M+l-2xH2O),99(100, M+-cham) CI/HRMS m/e 208 1463 [cale for C13H20O2(M+) 208 1463] 
(-)-(4R)-4-Hydrox\-4-(oct-2-\nyl)-cvclopent-2 enone 29 
A solution of (+)-28 (180 mg, 0 87 mmole) in dichloromethane (18 ml) was ireated with pyridine 
chlorochromate (470 mg, 2 18 mmole) in the presence of 3Ä molecular sieves (320 mg) at room 
temp for 4 hrs Then, the solid was filtered oil over silica gel (4 g) and washed with hcxane-ethyl 
acetate (11) The combined organic layers were evaporated, and the residue chromatographed 
(n-hexane/ethyl acetate = 8/2) to give (-)-29 (160 mg, 90%) as a colorless oil 
29 [a]D25= 137 Io (c=0 89, CH3OH) ^-NMR (400 MHz, CDCI3) δ 7 47 (d, J 2 3=5 6 Hz, IH, 
H3) 6 17(d,J=5 6Hz, IH, H2), 2 62 and 2 51 AB χ 2 ( 2 χ d, J j b=18 3 Hz, 2Н, Н5), 2 63 (m, 2Н, 
Н6), 2 15-219 (m, 2Н, Н9), 1 65 (brs, IH, ОН), 1 36-1 47 [m, 6Н, -(СН2)Г1, 0 90 (t, J=7 2 Hz, 
ЗН, СН3) IR (СН2С12) ν 3600-3100 (ОН), 3100-2820 (С-Н), 1720 (С=0) cm ' CI/MS m/e(%) 
207 (100, M++l), 189 (35, М++1-Н20), 97 (89, M+-chain) CI/HRMS m/e 206 1304 [cale tor 
С1 3Н1 802(М+) 206 1307J 
(-)-(4R)-4-H\droxy-4-(oct-2-enyl) cyclopent-2-enone 13 
Hydrogénation of (-)-29 was earned out using the standard procedure at room temp and 1 bar of 
hydrogen pressure The reaction mixture contained (-)-29 (100 mg) and Lindlar catalyst (5 mg, 
from Aldrich) in toluene (10 ml) Reaction progress was followed by measuring the amount ol 
consumed hydrogen and analyzing the reaction mixture by gas chromatography After lillering 
off the catalyst and evaporation of the solvents, a mixture of desired product 13 (84%) and 
by-product 30 (9%) was obtained Products were separated by careful chromatography 
(n-hexane/ethyl acetate = 8/2) 
13 [a]D25= 84 0°(c=0 31, CHCl3)(lit n b [a]D= -54 Io c=l 52, CHC1,) 'H-NMR (400 MHz, 
CDC13) 5 7 42(d, J23=5 6Hz, IH, H,), 6 14 (d, J=5 6 Hz, IH, H2), 5 67 and 5 38 (2 χ m, 2H, H7 
and Н8), 2 56 A ot AB (d, Jab=18 4 Hz, IH, H5a), 2 45 В ol AB (d, J=18 4 Hz, IH, H5b), 
2 40-2 60 (m, 2H, H6), 2 20 (brs, IH, OH), 2 02-2 08 (m, 2H, H9), 1 25-1 40 [m, 6H, -(CH2)3-], 
0 89 (t, J=6 8 Hz, 3H, CH3) IR (CH2C12) ν 3570 (free OH), 3600-3ÎOO(OH), 3010-2820 (C-Η, 
sat), 1715(C=0), 1045 cm ' CI/MS m/e(%) 209 (64, M++l), 191 (50, M++1-H20), 98 (100, 
M++l-chain) CI/HRMS m/e 190 1355 [calcforC13H20O2(M+ H20) 190 1358] 
(4R)-3-Hydroxy-3-(oct-2-envl)-cyclopentanoneiO 'H-NMR (400 MHz, CDC13) δ 5 69 and 5 45 
(2 χ m, 2H, H7 and H8), 2 45-2 59 and 2 24 2 33 (m, 6H, H2 , 6 ), 1 98-2 11 (m, 4H, H9 and H4), 
1 71 (brs, IH, OH), 1 25-1 39 [m, 6H, -(CH2)3-], 0 89 (t, J=6 8 Hz, 3H, CH3) IR (CH2C12) ν 
3570 (free OH), 3600-3ÎOO(OH), 3010-2820 (C-Η, sal ), 1735(C=0) cm ' CI/MS m/e(%) 211 
(95, M++l), 193 (100, M++1-H20), 112 [38, (octenyl)++l], 99 (82, M+-chain) CI/HRMS m/e 
210 1619 [cale for C1 3H2 202(M+) 210 1620] 
(-)-(lR,4S) (1,4 Dih\drox\ cyclopem 2 en\l) acetic aadt butyl estei 32 
22 
A solution of t-butyl aceiate (3 5 g, 30 mmol) in tetrahydrofuran (5 ml) was added to a solution of 
lithium dnsopropylamide (24 mmol, prepared from 30 mmol of dnsopropylamine and 24 mmol of 
n-butylhthium) in freshly distilled tetrahydrofuran (15 ml) with stirring and cooling (-78 °C) 
After stirring for 30 min at -78 °C, a solution of enone alcohol 31 (980 mg, 10 mmol, ee= 51%) 
in tetrahydrofuran (10 ml) was added dropwise (30 min ) Stirring was continued at -78°C for 
another 15 min then the reaction mixture was poured into ice-walcr (ca 25 ml), extracted with 
ethyl acetate (3x), washed with NH4C1 aq and saturated NaCl aq, dried (Na2S04) and 
concentrated in vacuo to give a crude oil Flash chromatography (n-hexane/ethyl acetate = 1/1) 
gave pure (-)-32 (1 51 g, 70 6%) as a colorless oil, [a]D 2 2= 27 7° (c=l 39, CHC13) After storing 
in the refrigerator tor 2 weeks, it slowly crystallized Recrystallizalion from dnsopropyl ether 
until constant optical rotation (alter more than eight limes) gave nice crystals with [ct]D2S= -56 6° 
(c=l 32, CHCI3) (Lit1 2 b [a]D= -45 9°,c=l 12, СНСЦ) and m ρ 69 5-71 0 °C 
32 *H-NMR (400 MHz, CDC1,) δ 5 98 A ot AB (dd, J2 3 =5 6 Hz, J3 4 =2 0 Hz, IH, H3 ), 5 94 
В oí AB (d, J2 3 =5 6 Hz, IH, H2 ), 4 66 (m, IH, H4 ), 4 20 (brs, IH, OH), 2 54 and 2 49 AB (2 χ 
d, J
ab=15 8 Hz, 2H, H2), 2 40 (brs, IH, OH), 2 40 A of AB (dd, Jab=14 2 Hz, J4 5 a=7 0 Hz, IH, 
H 5 a ), 1 88 В of AB (dd, J a b = l 4 2 H 7 · J4 5b=^ 4 H z · 1 H - H 5 b ), 1 47 [s, 9H, C(CH3)3] IR 
(CH2C12) ν 3580 (tree OH), 3600-3100(H bonded OH), 3010-2820 (C-Η, sat ), 1720(C=O) cm ' 
CI/MS m/e(%) 215 (24, M++l), 197 (26, M++l H20), 159 [25, M++2-C(CH3)3], 141 (100, 
-H20), 99 [30, M+-CH2COOC(CH3)3], 57 [53, C(CH3)3] CI/HRMS m/e 214 1205 [cale for 
C
n
H l g 0 4 (M + ) 214 1205J 
(-)-{lR,2R,3R,4R6R,7S)-t\o-3,4-EpoT\ endo trinciai5 2 1 026]deta-8-ene-2 carboxvlic acid 
ethyl esta 35 
To a solution of (+)-20 (3 g, 14 mmole, [ct]D25= +107 8° CH3OH, ее > 98%) in dichloromethane-
/methanol (1 1, 30 ml) was added a mixture of hydrogen peroxide (35%, 7 5 ml) and aq sodium 
hydroxide (0 2 N, 9 ml) with vigorous stirring at room temp Stirring was conünued for 30 mm 
The mixture was then poured into dichloromethane (100 ml), washed with brine, dried over 
Na2S04 and concentrated in vacuo to give almost pure 35 (3 3 g, 100 %) as a white solid An 
analytical pure sample was obtained by recrystallizalion 
35 m ρ 110-112 °C (dnsopropyl ether) [a]
n
2 5
= -27 9° (c= 2 07, CH3OH) 'H-NMR (400 MHz, 
CDCL,) δ 6 22 A ot AB (dd, Jg 9=5 7 Hz, J, 9 resp J7 8=3 1 Hz, IH, Hg or H9), 6 16 В of AB (dd, 
J8 9=5 5 H/, J! у resp J7 R=2 8 H/, IH, H8 or H9), 4 29 (m, 2H, COOCH2CH3), 3 84 (t, J=2 0 Hz, 
IH, H4), 3 33(brs, IH, H, or H7), 3 30-3 28 (m, 2H, H3 and H, or H7), 3 26 (dd, J=4 8 Hz, J=l 8, 
IH, H6), 1 81 and 1 59 AB (2 χ d, J I O j s=9 0 Hz, 2H, Н10), 1 35 (t, J=7 1 Hz, 3H, CH3) IR 
(СН2С12) ν 1700 and 1720(C=O) EI/MS m/e(%) 234 (1, M+), 205 (2, M+-CH2CH3), 189 (7, 
M+-OCH2CH3) 169 (81, M++l C5H6), 66 (100, C5H6+) El/HRMS m/e 234 0892 [cale tor 
C1 3H1 404(M+) 234 0892] Found С 66 53 % Η 6 01 [cale forC,,H I 404 С 66 66 % Η 6 02% J 
(-)-(lR,2R,1RAR.5R.6RJS) 3,4-Еіюхл 5 h\diox\ 5 (oct 2-уп\І)-спйо uicyclolS 2 1 026ldeca-8-
23 
ene-2-carboxvlic acid ethyl ester 36 
Zinc powder (9 5 g, 0 15 mol) was rapidly added to a stirred, healed solution (120 "Q of 
copper(II) acetate (0 95 g, 5 mmol) in acetic acid (47 ml) The mixture was stirred lor an 
additional 1 min and then filtered while hot The powder was washed several limes with ether 
and then heated under reduced pressure (oil pump, 120 °C) tor one hr After cooling to room 
temp , 50 ml of letrahydrofuran and 1-bromo 2 octyne (4 g, 21 mmole) were added and the 
mixture refluxed for 2 hrs in a N2 atmosphere After cooling to room temp , a solution of ( ) 35 (1 
g, 4 2 mmole) in THF (10ml) was added Slirnng was continued overnight The reaction mixture 
was poured into saturated aq NH4C1 (50 ml) and extracted with ether (4 χ 50 ml), washed with 
water, brine, dried over Na2S04 and then concentrated in vacuo The crude product was purified 
by flash chromatography (n-hexane/elhyl acetate = 97/3) to give 36 (1 25 g, 86 %) as a light 
yellew oil 
36 [a]D 2 5= -23 1° (c= 2 11, CH3OH) 'H-NMR (400 MHz, CDC13) δ 6 42 A of AB (dd, J8 9=5 5 
Hz, J 1 9 resp J 7 8=2 8Hz, IH, H8 or H9), 6 13 В of AB (dd, J 8 9=5 5 Hz, J, 9 resp J 7 8 =3 1 Hz, IH, 
H8 or H9), 4 22 (q, J=7 1 Hz, 2H, COOCH2CH3), 3 42 and 3 21 (2 χ d, J 3 4=2 1 Hz, 2H, H3 and 
H4), 3 11 (brs, IH, H, or H7), 3 04 (d, J 6 7=4 0 Hz, IH, H6), 3 00 (brs, IH H, or H7), 2 58 A ol 
AB (dt, J
a b=8 4 Hz, J=2 3 Hz, IH, H1 0 s), 2 45 В of AB (dt, J a b=8 4 Hz, J=2 3 Hz, IH, H1 0 a), 2 38 
(s, IH, OH), 2 18 (m, 2H, H
n
) , 1 58-1 26 (m, 8H, -(CH2)4-), 0 90 (t J=7 1 Hz, 3H, CH3) IR 
(CH2C12) ν 3540 (free OH), 3010-2820 (C-Η, sat ), 1725 (C=0) cm ' CI/MS m/e(%) 345 (5, 
M++l), 327 (4,-H20), 278 (6. M+-CSH6), 235 (26, M++l-chain), 169 (100, M++l-chain C5H6), 66 
(46,C5H6++1) EI/HRMSm/e 345 2062 [cale forC2 1H2 904(M++l) 345 2066] 
(lR,2R.3S.5S.6RJS)-2-Hvdiox\methyI-5-(oct-2 ^n\l)-endo tunclolS 2 1 026Idet-8-ene 3,5 dial 
37 
Lithium aluminum hydnde (500 mg) was added to freshly distilled tetrahydrofuran (50 ml) with 
stirring at room temp Slirnng was continued for 30 min and then the mixture was stored 
overnight A clear solution ol lithium aluminum hydnde (40 ml) was added lo a solution ot 
epoxide 36 (400 mg, 1 16 mmole) in tetrahydrofuran (20 ml) with stirring at room temp and in a 
N2-atmosphcre Stirring was continued lor 4 days The reaction was stopped by carefully adding 
ethyl acetate (10 ml) and saturated NH4C1 aq (0 5ml) Slirnng was continued tor 30 min at room 
temp, then Na2S04 (30 g) was added and the mixture stirred for another 30 min Solid was 
filtered off and washed with ethyl acetate The organic layer was dried (Na2S04) and 
concentrated in vacuo Rash chromatography (n-hexane/ethyl acetate = 8/2) provided 37 (325 mg, 
80 %) as a colorless oil 
37 'H-NMR (400 MHz, CDC13) δ 6 38 A ol AB (dd, J 8 9=5 6 Hz, J, 9 resp J 7 8=2 9 Hz, IH, H8 
orH9), 6 15 В of AB(dd, J 8 9=5 6Hz, J, 9 resp J 7 8=3 1 Hz, IH, H8 or H9), 4 09 and 3 69 AB (2 χ 
d, J
a b=l 1 0 Hz, IH, ÇH2OH), 3 96 (dd, J3 4a=7 0 Hz, J3 4b=2 5 Hz, IH, H3), 2 96 and 2 88(2 χ brs, 
2H, H, and H7), 2 57 AB (2 χ dl, 2H, H10), 2 74 and 2 45 (2 χ ОН), 2 30 (m, IH, H2), 2 18 (m, 
2Н, H,,), 2 10 A of AB (dd, J
a b=13 6 Hz, J 3 4 a=7 0 Hz, IH, one of H4), 1 84 В of AB (dd. 
24 
J
a b=13 6 Hz, J 3 4 b =2 5 Hz, IH, one ol H4), 1 64 (brs, IH, OH), 1 60-1 29 [m, 8H, -(CH2)3-], 0 90 
(t, J=7 1 Hz, CH3) IR (CH2C12) ν 3600, 3540 (tree OH), 3600-3100 (Η-bonded OH), 3100-2820 
(C-Η) cm ' CI/MS m/e(%) 305 (6, M++l), 287 (11, M++1-H20), 269 (28, M++l 2xH20), 195 
(89, M+-chain), 129 (100, M+-C5H6-chain), 66 (35, C5H6+) CI/HRMS m/c 305 2127 Leale lor 
C19H2903(M++1) 305 2117] 
(-)-(!S,2R.3R,4R,5R,6S.7R) 4,5 Epoxy-6-hdioxymethyl 3-(oct-2-\nvl)-cnuo-tricvclol5 2 1 O26!-
dec 8-ene 3-ol 38 
Lithium aluminum hydride (1 g) was added to freshly distilled tetrahydrofuran (100 ml) with 
stirring at room temp Stirring was continued lor 30 min and then the mixture stored overnight 
A clear solution ol lithium aluminum hydiide (60 ml) was added to a solution of epoxide (-) 36 
(1 5 g, 4 3 mmolc) in telrahydroluran (20 ml) with stirring at room temp and in a N2-atmosphere 
Stirring was continued lor 2 hrs Reaction was stopped by carelully adding ethyl acetate (10 ml) 
and saturated NH4CI aq (1 ml) Stirring was continued for 30 min at room temp , Na2S04 (60g) 
was added and the mixture stirred for another 30 min Solid was filtered off and washed with 
ethyl acetate The organic layer was dried (Na2S()4) and concentrated in vacuo Flash 
chromatography (n-hexane/ethyl acetate = 7/3) provided 38 (1 24 g, 93 %) as a colorless oil 
38 [a]D 2 5= -42 2° (c=0 95, CH,OH) 'H-NMR (400 MHz, CDCI3) δ 6 35 A ot AB (dd, J 8 9 =5 6 
Hz, J 1 9resp J 7 g =2 8 Hz, IH, Щ or H9), 6 12 В of AB (dd, J 8 9=5 6 Hz, J, 9 resp J7 i (=3 1 Hz, IH, 
H8 or H9), 3 82 and 3 72 AB (2 χ d, Ja b=l 1 0 Hz, 2H, CH2OH), 3 30 and 3 23 (2 χ d, J4 5=2 3 Hz, 
2H, H4 and H5), 2 91 and 2 79(2 χ brs, 2H, HL and H7), 2 59 and 2 43 AB (2 χ dt, Jab=16 4 Hz, 
2H, H10), 2 39 and 2 37 (2 χ OH), 2 23 (d, J, 2=4 0 Hz, IH, H2), 2 18 (m, 2Н, H n ) , 151-1 25 (m, 
8H, -(CH2)4-), 0 90(t, J=7 1 Hz, 3H, CH3) IR (CH2CI2) ν 3600, 3540 (lrce OH), 3600-3100 
(Η-bonded OH), 3100-2820 (C-Η) cm ' CI/MS m/e(%) 303 (10, M++l), 285 (16, M++1-H20), 
267 (16, M++l 2xH20), 236 (13, M+-C,H6), 127 (100, M+-C,H6 chain), 66 (69, C,H6+) 
CI/HRMSm/e 303 1958 leale forC19H270,(M++l) 303 1960J 
(lS,2R,3R,4R,5R,6S,7R)-4,5-Epox)-3-(oct 2 \n\l)-6-(tetiahvdru-pyian 2 ylowmethyl) endo tn-
LVCIOI5 2 1 02 6]dec-8 ene-3-ol 39 
A solution ol ( )-38 (4 4 g, 14 5 mmol) in dichloromelhane (80 ml) was treated with dihydropyran 
(4 2 g, 50 mmol) and p-toluenesulfonic acid (10 mg) at room temp After stirring for 3 hrs, the 
reaction mixture was poured into dichloromethanc (150 ml) and washed with saturated NaCl aq , 
dried over Na2S04 and concentrated m vacuo Chromatography (n-hexane/ethyl acetate = 20/1) 
gave pure 39 (4 0 g, 90 %) as coloiless oil (diastereoisomenc mixture) 
39 'H-NMR (400 MHz, CDC13) (diastereoisomenc mixture due to the presence of THP group) δ 
6 33 and 6 15 AB (dd, 2H, H8 and Hy), 4 67, 4 09, 3 90, 3 66, 3 53 and 3 24 (m, 7H), 3 08, 3 01 
and 2 86 (3 χ brs, 2H, H, and H7), 2 57 and 2 40 AB (2 χ m, 2H, Н10), 2 31 (2 χ s, IH, OH), 2 00 
and 1 96 (2 χ d, IH, H2), 2 17 (m, 2H, H u ) , 1 90 1 20 (m, 13H), 0 90 (t, J=7 1 Hz, CH3) IR 
(CH2C12) ν 3540 (Iree OH), 3600-3100 (H bonded OH), 3100-2820 (C H) cm ' CI/MS m/e(%) 
25 
387 (0 5, M++l), 303 (1, М++1-ТНР), 285 (2, Н20), 85 (100, С,Н90+), 66 (9, С5Н6+) 
CI/HRMSm/c 387 2534 [cale for С24Н„04(М++1) 387 2535] 
(lR,2RJS.5S,6R,7S)-5-(Oct2-\ml)-2-(iet>ah\d>o-p\ran 2 л lox\ methyl) endo tnc\clo[5 2 IO26] 
dec-8-ene-3,5-as-diol 40 
Lithium aluminum hydride (1 g) was added to freshly distilled tetrahydrofuran (100 ml) with 
stirring at room temp Stirring was continued lor 30 min then kept overnight A clear solution ol 
lithium aluminum hydnde (80 ml) was added to a solution of epoxide 39 (450 mg, 1 2 mmole) in 
tetrahydrofuran (10 ml) with stirring at room temp and a N2-almosphere Stirring was continued 
for 4 days The reaction was stopped by carefully adding ethyl acetate (10 ml) and saturated 
NH4CI aq (1 ml) After stirring lor 30 min Na2S04 (60 g) was added and the mixture stirred for 
another 30 min Solid was filtered oft and washed with ethyl acetate The organic layer was dried 
(Na2S04) and concentrated in vacuo Flash chromatography (n-hexane/cthyl acetate = 7/3) led to 
recovery of starting material 39 (170 mg) and product 40 (250 mg, 90 CA based on consumed 39) 
as a colorless oil 
40 'H-NMR (400 MHz, CDC13) (diastcrcoisomeric mixture due to the presence ot THP group) δ 
6 40 and 6 15 AB (dd, 2H, H8 and H9), 4 62,4 25, 3 84 and 3 51 (m, 6H, -0-CHR-), 2 92 and 2 88 
(2 χ brs, 2H, H, and H7), 2 70-2 40 AB (m, 2H, H10), 2 34 (2 χ d, IH, H6), 2 18 (m, 2Н, Н п ) 
2 15-1 25 (m, 16Н), 0 90 (I, J=7 1 Hz, CH,), 3 40, 3 12 and 2 15 (3 χ brs, 2Η, ОН) IR (СН2С12) 
ν 3540 (free ОН), 3600 3100 (H-bondcd ОН), 3100 2820 (C-Η) cm ' CI/MS m/e(%) 389 (1, 
M++l), 305 (22, M++l THP), 287 (9, Н20), 269 (14, Н20), 195 (85, M+-THP-chdin), 177 (8, 
-Н20), 85 (100, С,Н90+), 66 (16, C,Hf,+) CI/HRMS m/e 389 2691 [cale tor C24H3704(M++1) 
389 2692] 
(lS,2R,3S,6S,7R)-5 H\dio\s 5 (oa-2 \n\\) 2 (tetiahydro p\ian 2 \lox\meih\l) endo mc\clo-
Í5 2 1Ó2 6ldeL-8-ene-3-one 41 
To a solution of 40 (3 g, 7 7 mmole) in dichloromethanc (180 ml) was added a mixture of 
pyridine chlorochromatc (5 8 g, 27 mmole) in the presence ot 3λ molecular sieves (2 4 g) at room 
temp The suspension was stirred overnight at room temp The solid was filtered off over silica 
gel and washed with hexane ethyl acetate (11) The combined organic layers were evaporated 
and the residue chromatographed (n-hexane/ethyl acetate = 8/2) to give product 41 (2 76 g, 92 %) 
as a colorless oil 
41 'H-NMR (400 MHz, CDC13) (diastcreoisomenc mixture due to the presence ot THP group) δ 
6 45 and 6 02 AB (dd, 2H, H8 and H9), 4 65, 4 58, 4 35, 3 92, 3 82, 3 64 and 3 52 (m, 5H, 
-0-CHR-), 3 16-2 77 (m, 3H, H,,H6 and H7), 2 72 and 2 54 (2 χ m, 2H, H10), 2 35-2 17 (m, 4Н, 
Н4 and H n ) , 1 75-1 25 (m, 15Н), 0 90 (ι, J=7 0 Hz, CH3), 3 40, 3 12 and 2 15 (3 χ brs, 2H, OH) 
IR (CH2C12) ν 3540 (tree OH), 3600 3100 (Η-bonded OH), 3100-2820 (C-H), 1725 (C=0) cm ' 
CI/MS m/e(%) 387 (3, M++l), 303 (17, M++l THP), 237 (54, M++1-CSH6-THP), 193 (37, 
M+-THP-chain), 85 (100, C5H90+), 66 (20, C5H6+) 
26 
(lS.2R.ìS,6S,7R,)-5-Hydiow-5-(ott-2 yn\l) 2 h\diox\imth\l eado-tiicyclof5 2 1 026ldec 8-
ene-3-one 42 
A mixture of 41 (75 mg, 0 2 mmol), tumaronitnle (78 mg, 1 mmol) and clhylaluminum dichlonde 
(1 0 M, 0 5 ml, 0 5 mmol) in 1,2 dichloroclhane was stirred at room temp tor 2 hrs The mixture 
was poured into 20 ml dichloromelhane, washed with brine, dried over Na2S04 and evaporated in 
vacuo Flash chromatography (n-hexane/cthyl acetate = 9/1) gave pure 42 (55 mg, 92%) as 
colorless oil 
42 'H-NMR (400 MHz, CDC13) δ 6 46 A ot AB (dd, J8 9=5 5 Hz, Jγ 9 resp J7 g=2 9 Hz, 1H, H8 
or H9), 6 04 В оГ AB (dd, J8 9=5 5 Hz, J, 9 resp J7 g=3 1 Hz, 1H, Hg or H9), 3 98 and 3 70 AB (2 χ 
d, J
ab=10 7 Hz, 2H, CH2OH), 3 17 and 2 95 (2 χ brs, 2H, Ht and H7), 2 74 (d, J 6 7 =4 1 Hz, IH, 
H6), 2 59 and 2 50 AB (2 χ dt, J l b=16 4 Η/, 2H, Н10), 2 47 (s, IH, ОН), 2 42 (d, J<1 Hz, 2H, 
H
n
) , I 70 (s, IH, OH), 1 60-1 45 (m 4H H14 and H10), 1 40 1 25 (m, 6H, Н п 1 7), 0 90(t, J=7 I 
Hz, 3H, CH3) IR (CH2C12) ν 3600 and 3540 (free OH), 3600-3100 (Η-bonded OH), 3100-2820 
(C-H), 1720 (C=0) cm ' Cl/MS m/e(%) 303 (3, M++l), 285 (11, -H2()), 267 (5, -H20), 237 (94, 
M++1-C,H6), 66(100, C5H6+) CI/HRMS m/e 303 1958 [cale for C19H2703(M++1) 303 1960) 
(4R)-4 hydroxy 4-ott 2 ynyl-2 (tetiahydto-pyan 2-yloxvmethyl) t\clopent-2-enone 43 
Flash vacuum thermolysis of 41 (390 mg, 1 mmol) was earned out as described in the appendix at 
the end of this chapter (sample temp 150°C, oven temp 500°C, cold trap temp -78°C, pressure 
3x10 2 mbar) Flash chromatography [hexane/ethyl aceiate= (3 1)] provided a pure compound 43 
(260 mg, 82 %) as a colorless oil 
43 Ή NMR (400 MHz, CDC13) (diastereoisomeric mixture due to the presence of THP group) δ 
7 33 (s, IH, H3) 4 67, 4 45, 4 16, 3 85 and 3 52 (5 χ m, 5Η, -0-CHR-), 2 70 and 2 58 AB (2 χ d, 
J
ab=18 4 Hz, 2H, H,), 2 63 (brs, 2H, H6), 2 15-2 19 (m, 2H, H9), 1 90-1 25 (m, 13H), 0 90 (t, 
J=7 1 Hz, 3H, CH3) IR (CH2CI2) ν 3600-3100 (Η-bonded OH), 3100 2820 (C H), 1710 (C=0) 
cm
1
 CI/MS m/e('/() 321 (2, M++l), 237(29,-THP), 85(100, C5H90) CI/HRMS m/e 321 2067 
[cale ЬгС1 9Н2 904(М++1)) 321 2066] 
(4R)-4-Hvdiox\ 4-ou-2(as) eml 2 (letrahydio p\ran-2 yloxymethyl) cyclopent-2-enone 44 
Hydrogénation was carried out at room temp and 1 bar of hydrogen pressure using a standard 
procedure The reaction mixture contained 43 (100 mg) and Lindlar catalyst (10 mg, from 
Aldnch) in methanol (10 ml) Reaction progress was lollowed by measuring the amount ol 
consumed hydrogen and analyzing the product by gas chromatography After filtering oft the 
catalyst and evaporation of the solvents, desired product 44 (91%) was obtained by careful flash 
chromatography (n-hexane/ethyl acetate = 8/2) 
44 'H-NMR (400 MHz, CDC13) (diastereoisomeric mixture due to the presence of THP group) 
δ 7 30 (s, IH, H3), 5 68 and 5 41 AB (2 χ dd, 2H, H7 and Н8), 4 66 4 44, 4 15, 3 85 and 3 52 (5 χ 
m, 5Η. -0-CHR-), 2 65 2 45 (m, 4Н, Н5 and Ηή), 2 06 (m, 2H, H9), 1 94-1 25 (m, 13Н), 0 89 (t, 
27 
J=7 0 Hz, ЗН, СН 3). IR (СН2С12): ν 3570 (tree ОН), 3600-3100(Н-bonded ОН), 3100-2820 
(С-Н), 1710 (С=0) cm"1. CI/MS: m/e(%) 323 (0 8, M + +l), 239 (11, -ΤΗΡ), 211 (3, -Н 2 0), 85 
(100, С 5 Н 9 0 + ) CI/HRMS m/e 323 2223 [cale lor C,ç,H3104(M++l): 323 2222] 
(8S.12R)- and (8R.12R)-5E-4-deacet\l-7J2-dih\drox\-10-(tetiah\dwyyian-2'-\l-ox\meth\l)7,u-
dihydroclavulone 46 
n-Bulyllithium (2.6 ml, 1.6 M, 4.2 mmol) was added lo a solution ol dnsopropylamine in THF (5 
ml) with stirring at -30 °C. Stirring was continued for 15 min Alter lowenng ihe temp to -78 °C, 
a solution of 44 (460 mg, 1.4 mmol) in tclrahydrofuran (5 ml) was added Stirring was continued 
at -78 °C for 30 min. and a solution ot aldehyde 45 l 8 b (420 mg, 4.2 mmol) in tetrahydrofuran (4 
ml) was added The reaction was continued at -78 °C for another 2 hrs The mixture was then 
poured into saturated aq. NH4C1 (20 ml) and extracted with ethyl acetate The organic layer was 
washed with aq. NaCl, dried over Na2S04 and concentrated in vacuo Flash chromatography 
(n-hexane/ethyl acetate = 3/1) gave two product mixtures 46a,b (210 mg, 31%) and 46c,d (215 
mg, 32%), and starting material 44 (140 mg, 30%) The yield is 90% based on consumed 44 
mixture 46a,b. ^ - N M R (400 ΜΗ?, CDC13) δ 7 33 (s, IH, H,,), 5 87-5.73 (m, 2H, H, and H6), 
5.70-5.60 and 5.52-5.45 (2 χ m, 2Η, Н 1 4 and Н 1 5 ), 4.66-4.63, 4.44-4.39, 4.17-4.11, 3 85-3.81, 
3.53-3.49, 2 95-2 83 and 2 60-2 44 (7 χ m, 9H, H7, Н8, Н п , Н 2 1 , Н 2 2 and H2 f t), 3 67 (s, ЗН, 
COOCH3), 2.37-2 32, 2.18-2 11 and 2 05-1 98 (3 χ m, 3 χ 2H, Н2> Н4 and Н1 Й). 1 84-1 20 (m, 
16Н), 0.88 (ι, J=7 0 Hz, ЗН, СН,). IR (СН2С12)· ν 3540 (free ОН), 3600-3100 (H-bondcd ОН), 
3100-2820 (C-Η), 1735 and 1710 (С=0) cm '. CI/MS m/e(% ) 443 (0 2, M++1-2H20), 377 (2, 
M++l-THPOH), 359 (3, M++l-H20-THPOH), 341 (1, M++1-2H20-THP0H), 85 (100, C s H 9 0 + ) . 
CI/HRMS m/e 377 2314 [caIc.forC2 2H„0,(M++l-THPOH) 377 23281 
mixture 46c,d· 'H-NMR (400 MHz, CDC1,)· 5 7 34 (s, IH, H
n
) , 6 05-5 85, 5 75-5 63 (2 χ m, 2H, 
H 5 and Н 6), 5.63-5.45 and 5.45-5 35 (2 χ m, 2Η, Н 1 4 and H,,), 4 82, 4 74, 4 65, 4.55-4.40, 
4.20-4.13, 3.87-3 81 and 3.52-3 49 (7 χ m, 7H, H7, Нк, Н 2 1 , Н 2 2 and Н2 ( )), 3.67 (s, ЗН, СООСН3), 
3.65, 3 25-3.15 and 3 05-2 95 (3 χ m, 2Н, ОН), 2 55-2 28 (m, 5Н), 2 12-1 95 (m, 4Н), 1 87-1 44 
(m, 8Н), 1.32-1.25 (m, 5Н), 0.88 (ι, J=7.0 Hz, ЗН, CH3) IR (СН2С12) ν 3540 (free ОН), 
3600-3100 (Η-bonded ОН), 3100-2820 (C-Η), 1725 and 1705 (С=0) cm ' CI/MS: m/e(%) 461 
(0.2, M++1-H 20), 443 (0.2, M++1-2H20), 377 (3, M++1-THPOH), 359 (2, M++l-H 20-THPOH), 
341 (2, M++l-2H20-THPOH), 85 (100, C 5 H 9 0 + ) . CI/HRMS m/e 461.2901 [calc.tor 
C 2 7 H 4 1 0 6 (M + +1-H 2 0) · 461 2903] 
(I2R)-5E,7E-12-h\diox\ •10-(tetiah\diop\ian-2 '-\l-ox\methyl)-4-deaLet\l-clavuhne 47E and 
(12R)-5E,7Z-I2-h\dioxy-10-(tetiahMliop\ian-2'-\l-ox\methyl)-4-deacer\l-Llavuhme 47Z 
Elimination of mixture 46a,b. A solution of 46a,b (85 mg, ) in dichloromelhane (5 ml) was 
treated with excess acetic anhydride (400 mg) and dimethylaminopyndine (100 mg) at room 
temp, for 3 hrs. Mixture was then poured into dichloromelhane (50 ml) and washed with biine 
(3x), dried over N a 2 S 0 4 and concentrated in vacuo. Flash chromatography (n-hexane/ethyl 
28 
acetate = 3/1) gave pure product 47E (65 mg 70 %) and 47Z (20 mg, 21 %) as colorless oils 
47E 'H-NMR (400 MHz, CDCI3) δ 7 36 (s, IH, H
u
) , 6 91 (d, J 6 7 = l l 8 Hz, IH, H7), 6 54 (dd, 
J 6 7 = U 8 Hz, J , 6 =15 0 H?, IH H6), 6 20 (dt, J , 6 =15 0 Hz, J„ s =7 0 Hz, IH, H 5), 5 49 (ddd, 
J 1 4 1 5=10 9 Hz, J 1 4 1 3 a =7 0 Hz, J 1 4 1 3 b =8 0 Hz, IH, H 1 4 ), 5 16 (dt, J 1 4 „=10 9 Hz, J 1 5 1 6 =6 8 Hz, 
IH, H „ ) , 4 66 (m, IH, H 2 ), 4 56-4 50 and 4 29-4 20 (2 χ m, 2H, H{ ), 3 83 and 3 50 (2 χ m, 2Η, 
Н
б
 ), 3 67 (s, ЗН, СООСН,), 2 99 A ot AB (dd, J 1 3 a b = 1 4 2 Hz, J 1 3 a 1 4=7 0 Hz, IH, H I 3 a ) , 2 71 В 
of AB (dd, J 1 3 a b = 1 4 2 Hz, J 1 3 b 1 4=7 0 Hz, IH, H 1 3 b ) , 2 37-2 26 (m, 4H, H 4 and H 1 6 ) , 2 05-1 85, 
1 85-1 70, 1 70 1 47 and 1 30-1 15 (4 χ m, 19H), 0 87 (t, J=7 1 Hz, ЗН, CH 3) IR (CH2C12) ν 
3100-2820 (C-Η), 1730 and 1695 (C=0), 1630 (C=C, conj ) c m 1 El/MS m/e(%) 358 (7, 
M++l-AcOH-THP), 85 (100, C,H 9 0 + ) CI/HRMS m/e 358 2145 [cale tor C 2 2 H 3 0 O 4 ( M + + l -
AcOH-THP) 358 2144] 
47Z 'H-NMR (400 MHz, CDC13) δ 7 60 (dd, J 6 7 = l l 5 Hz, J 5 6 = 1 5 3 Hz, IH, H 6), 7 39 (s, IH, 
H
u
) , 6 55 (d, J 6 7 = l l 3 Hz, IH, H7), 6 20 (dt, J 5 6 =15 3 Hz, J 4 , = 7 1 Hz, IH, H 5), 5 50 (ddd, 
J 1 4 ,5=10 9 Hz, J 1 4 1 3 a =7 5 Hz, J 1 4 1 3 b =7 1 Hz, IH, H 1 4 ), 5 20 (dt, J 1 4 1 5=10 9 Hz, J 1 5 1 6 =6 8 Hz, 
IH, Η,,), 4 67 (m, IH, H 2 ) , 4 51 and 4 24 AB (2 χ d, J a b =14 9Hz, 2H, H, ), 3 83 and 3 51 (2 χ 
m, 2H, H 6 ) , 3 67 (s, ЗН, СООСН3), 2 91 A of AB (dd J 1 3 a b = 1 4 2 Hz, J 1 3 a I 4 =7 1 Hz, IH, H 1 3 a ) , 
2 67 В ot AB (dd J 1 3 a b = 1 4 2 Hz, J n b 1 4=7 5 Hz, IH, H, 3 b ), 2 40 2 22 (m 4H, H 4 and H 1 6 ) , 
2 05-1 90, 1 90-1 70, 1 70 1 45 and 1 35 1 20 (4 χ m 19H) 0 87 (l, J=7 1 H/, ЗН, СН3) IR 
(СН2С12) ν 3100 2820 (С-Н), 1730 and 1690 (С=0), 1630 (С=С, conj ) cm ' EI/MS m/e(%) 
502 (0 6, M+), 443 (9, M+-AcO), 359 (25, M+ АсОН ΤΗΡ), 85 (100, С 5 Н 9 0 + ) CI/HRMS m/e 
502 2932 [cale for С 2 9 Н 4 2 0 7 ( М + ) 502 2930] 
Elimination ol mixture 46c,d A solution of 46c,d (150 mg, ), excess acetic anhydride (1 ml) and 
dimethylaminopyndine (300 mg) in benzene (10 ml) was stirred at 80°C for 24 hrs Mixture was 
the poured into ether (50 ml) and washed with brine (3x), dried over N a 2 S 0 4 and concentrated in 
vacuo Flash chromatography (hexane/cthyl acetate = 3/1) gave pure product 47E (75 mg, 44 %) 
and 47Ζ (20 mg, 12 %) as a colorless oil, respectively 
(-) (72/?) 5E,7E-J0-(h\¡iiox\meth\l)-4 deacenl clavulone 48E 
A solution of 47E (85 mg) in acetic acid (4 ml) and water (1 ml) was stirred at room temp for 4 
hrs The solution was then poured into ethyl acetate (30 ml) and washed with aq NaCl (3x) After 
drying (NaS04) and concentration m vacuo, flash chromatography (n-hexane/ethyl acetate = 2/1) 
gave product 48E (35 mg 507< ) as an oil 
48E [a l D 2 5 =-2 8°(c=l l l ,CH 3OH) 'H-NMR (400 MHz, CDCI,) δ 7 29 (s IH, Н
и
) , 6 92 (d, 
J 6 7 = l l 8 Hz, IH, H7), 6 54 (dd, J 6 7 =1I 9 Hz, J, n =15 0 H/ IH, H 6), 6 23 (dt, J 5 6 = 1 5 0 Hz, 
J 4 , = 7 0 Hz, IH, H,), 5 50(dl, J 1 4 1 , = 10 9 H z J 1 4 1 , = -7 4Hz, IH, H 1 4 ) , 5 17 (dt, J 1 4 1 5=10 9 Hz, 
J 1 5 l r = 7 8Hz, IH, H l 5 ) , 4 46 (s 2H, H, ), 3 67 (s, 3H, COOCH3), 2 97 A of AB (dd, J 1 3 a b = 1 4 4 
Hz, J 1 3 a I 4 =7 2 Hz, IH, H 1 3 a ) , 2 71 В ot AB (dd, J 1 3 a b = 1 4 2 Hz J 1 3 b l 4 = 8 0Hz, IH, H 1 3 b ) , 2 48 (s, 
IH, OH), 2 37-2 27 (m, 4H, H4 and H I 6 ), 2 07 1 92 (m, 5H), 1 85-1 76 (m, 2H), 1 34 1 20 (m, 
29 
6H), 0 88 (t, J=7 1 Hz, ЗН, СН3) n C-NMR (100 MHz, H-dcc , CDC13) δ 194 3/173 S/169 4 
(quat), 150 6 (tert), 146 8 (quat), 146 7/134 7 (ten), 134 5 (quai), 131 5/125 3/121 3 (tert ), 84 4 
(quat ), 57 7 (sec ), 51 5 (pnm ), 35 5/33 2/32 6/31 5/29 0/27 4/23 7/22 5 (sec ), 21 4/14 0 (prim ) 
IR (CH2C12) ν 3600 (tree OH), 3600-3020 (H-bondcd OH), 3100-2820 (C-H), 1735 and 1700 
(C=0), 1635 (C=C, con) ) спт1 CI/MS т/е('Я ) 419 (5, M++l), 359 (48, M+ OCOCH3), 341 (67, 
M+-H 20-OCOCH 3), 43 (100, +COCH3) EI/HRMS m/c 418 2357 leale lor С 2 4 Н 3 4 0 6 ( М + ) 
418.2355] 
(-)-(12R)-5E.7Z-10 (hvdroxymeth\l) 4 deacenl-clavulone 48Z 
A solution of 47Z (30 mg) in acetic acid (4 ml) and water (1 ml) was stirred at room temp for 4 
hrs The solution was then poured into ethyl acetate (30 ml) and washed with aq NaCl (3x) Alter 
drying (NaS0 4) and concentration in vacuo, Hash chromatography (n-hcxane/ethyl acetate = 2/1) 
gave product 48Z (12 mg, 50%) as an oil 
48Z [ a ] D 2 5 = -1 5° (c=0 26, CH,OH) 'H-NMR (400 MHz, CDC13) δ 7 58 (dd, J , f = 1 5 4 Hz, 
J 6 7 = 1 1 4 Hz, IH, H 6), 7 31 (s, IH, H n ) , 6 55 (d, J 6 7 = l l 3 Hz, IH, H7), 6 13 (dl, J, f i=15 3 Hz, 
J 45=7 0 Hz, IH, H 5), 5 51 (dt, J 1 4 1 5 = 1 0 8Hz, J 1 4 1 3 = - 7 3 Hz, IH, H 1 4 ) , 5 22 (dt, J 1 4 „=10 8 Hz, 
J „
 1 6=7 5 Hz, IH, H „ ) , 4 45 (s, 2H, H t ), 3 67 (s, 3H, COOCH3), 2 89 A ol AB (dd, J 1 3 , b=14 I 
Hz, J B a l 4 = 7 0 Hz, IH, Н П а ) , 2 66 В ol AB (dd, J 1 3 j b = 1 4 2 H/, J , 3 M 4 = 7 4 Hz, IH, H 1 3 b ) , 
2 40 2 23 (m, 5H, OH, H 4 and Hi6), 2 08-1 94 (m, 5H), 1 84-1 76 (m, 2H), 1 30-1 15 (m, 6H) 
0 88 (t, J=7 1 Hz, 3H, CH3) IR (CH2C12) ν 3600 (Iree OH), 3600 3040 (Η-bonded OH), 
3100-2820 (C-H), 1730 and 1695 (C=0), 1630 (C=C, conj ) cm > Cl/MS m/c(%) 419 (4, M++l), 
359 (19, M+-OCOCH3), 341 (26, M+H2C)-OCOCH3), 43 (100, +COCH3) EI/HRMS m/e 
418 2357 [cale for С 2 4 Н 3 4 0 6 ( М + ) 418 2355] 
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APPENDIX 
FLASH VACUUM THERMOLYSIS SET-UP AND PROCEDURE 
A. Apparatus 
The Flash Vacuum Thermolysis (FVT) apparatus, as developed in the Laboratory of Organic 
Chemistry of the Nijmegen University, is schematically depicted in Fig. 1. 
Pyrex bulb (1) contains the substrate. This bulb is heated by means of a sublimation oven (2) 
(Buchi TO 50), which is moved over it. The temperature of bulb (1 ) is measured by a thermocouple 
with a Digitron 2751-K thermometer. A gas inlet lube (3) (in cases when a carrier gas is required) 
or a stopper is attached to the socket of bulb (1). At the other end, bulb (1) is connected by means 
of Rotulex 19/9 cups and balls to the quartz oven tube (4) (inside diameter 16 mm; length 18 cm) in 
which the actual thermolysis process lakes place This oven lube is connected to a cold finger (5) 
by means of 19/9 cups and balls. At the botlom of cold finger (5) a small round-bottomed Ha.sk (6) 
(in which the product is collected) is coupled. At its left end, cold finger (5) is directly connected 
by means of Rotulex 29/19 cups and balls to part (7) which contains the valve (8) (through which 
dry air or N2 can be introduced) and the pressure reading gauge (9) (Edwards PR-10K). At its other 
end part, (7) is connected to a double cold trap system which protects the vacuum pump (Edwards, 
E2M8). 
9 
Fisiure 
The carrier gas How and the pressure in the system are controlled by a needle valve (8) and 
(10) (Hoke milhmite). The oven tube is heated by a Heraeus BR 1.6/18 oven (11) and the 
temperature is controlled by a Heraeus RK 42 control unit. 
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В. Experimental Procedure 
Both cold traps are cooled and the vacuum pump is started. Alter introduction of the sample 
into bulb (1), it is connected to the oven tube. Cold finger (5) is connected, the sublimation oven is 
moved over bulb (1) and the entire apparatus is evacuated. The pressure is checked to lemain 
constant (ca. 2.10"^ torr). The cold finger is cooled with liquid N2 or C02/isopropanol. The oven 
is set to the required temperature and switched on. Finally, the sublimation oven is heated in order 
to effect a slow evaporation or sublimation of the substrate. During the reaction the pressure can be 
controlled by operating valve (8) or (10). After completion of the reaction, the vacuum system is 
isolated from the thermolysis unit by closing the left valve of part (7) and nitrogen is slowly 
introduced via valve (8) until atmospheric pressure is reached. The sublimation oven, oven and 
vacuum pump are now switched off. The cold finger is disconnected and immediately closed with 
stoppers. The cold finger is allowed to attain room temperature, the product dissolved in a suitable 
solvent and the solvent evaporated in vacuo. 
Optimum conditions for each compound can be found by varying the following parameters· 
oven and preheating temperature as well as the flow rate of the carrier gas. In cases ot very slow 
sublimation or evaporation rales, glass beads can be added to the substrate in order to acceleiate the 
reaction. 
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CHAPTER III 
SYNTHESIS OF 6-FUNCTIONALIZED TRICYCLODECADIENONES USING 
BARTON'S RADICAL DECARBOXYLATION REACTION. 
GENERATION OF TRICYCLOtS.Zl.O^DECATRIENONE, 
A NORBORNENE ANNULATED CYCLOPENTADIENONE* 
3.1 Introduction 
In recent years, it was demonstrated that the endo tricyclof) 2 1 026Jdecadienone system 1 
is an extremely useful synthon for a great variety ol naturally occurring cyclopentanoids' The 
basic strategy underlying this approach is depicted in Scheme 1 It generally involves 
Scheme 1 
chemical 
transformations 
Lewis acid mediated 
fr-
or thermal 
cycloreversion 
stereoselective nucleophilic addition to the enone moiety, followed by chemical transformations 
to introduce the desired functionalities Thermal cycloreversion ol the appropriately 
funclionalized tncyclodeccnone 2 employing the technique of flash vacuum thermolysis 
ultimately leads to the desired cyclopentenones 3 The availability of both antipodes of 1 in 
enantiopure torm, either by enzymatic resolution1*2 or asymmetric synthesis3 completes this 
strategy and makes it extremely useful tor the enantioselective synthesis of a variety of 
cyclopentenoids 
The synthetic merit of the endo-[iityLk)[5 2 1 02 6]decadienone 1 is nicely demonstrated by 
the efficient enantioselective synthesis of 4-hydroxycyclopcntenone 4 (see Chapter II)"14 which 
is the essential intermediate in the synthesis of clavuloncs 5 Key structure in this route to 
clavulones 5 is tricyclic carboxylic acid 6 which is readily available from cyclopentadiene and 
ben7oquinones Furthermore, it can conveniently be obtained in enantiopure lorrn2a 
Decarboxylation of 6 to parent e«i/o-tncyclodecadienone 7 (X=H) is achieved in 
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dimethylformamide at 100 °C in excellent yield without racemization Retrosynthetic analysis 
reveals that the substituent X as present at the 6-position in incyclodecadienone 7 eventually 
appears at the C2-position in cyclopentenone 4 Hence, by choosing the appropriate substituent at 
C6 in 7, α-substituted cyclopentenones 4 and accordingly the corresponding a-subsituted 
clavulones are within reach Interesting examples of such α substituted clavulones arc the 
α-halogenated manne prostanoids, such as halovulones 8 (X= CI, Br and l)6 and punaglandines 
97 Therefore, the halodecarboxylation of carboxylic acid 6 was investigated to broaden the 
OAc 
СООМ 
AcO 
ч/=\ЛЛ ^ 
COOMe 
COOMe 
AcO 
8 1 1 ° 
synthetic scope of the tricyclodetadienone system In this chapter, the synthesis ol a variety ot 
6 substituted incyclodecadienones 7 using Barton's radical chain decarboxylation process is 
reported In addition, the surprisingly facile dehydrohalogenation of 7 (X=Br) to torm the elusive 
tncyclodecatrienone 10 will be described8 
3.2 Synthesis of 6-functionalized tricyclodecadienones 
The radical chain decarboxylation process involving the thermal or photochemical 
decomposition of thiohydroxamic esters, as reported by Barton et alч, seems a suitable method 
for the halodecarboxylation ol 6 The high yields tor this halodecarboxylation reaction observed 
for primary, secondary and tertiary carboxylic acids910 and the avoidance ol molecular halogen as 
the halogen radical source makes this method very attractive It is obvious that 
halodecarboxylation methods using molecular halogen, such as the Hunsdiccker type processes 
cannot be applied for the halodecarboxylation ot 6 because ol the presence ol the reactive olclinic 
norbomene moiety Also the use of lead tetracetate in the presence ol metal halides does not seem 
a good choice because this aggressive reagent may cause unwanted reactions with the relative 
labile unsaturated incyclodecadienone system and, moreover, the work up is usually 
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troublesome11 The thermal or photochemical decomposition ot the thiohydroxamic esters Π is 
assumed to produce initially carboxylate radical 12 which rapidly decarboxylates to the 
corresponding carbon radical 14 (Scheme 2) In the presence of an efficient radical trapping agent 
Χ Y substitution takes place to give 15 and a new radical 16 Reaction ot this radical 16 with Π 
leads to propagation ot this chain process In the absence of an efficient radical trapping agent 
propagation occurs by reaction ot the carbon radical 14 with the thiohydroxamic ester 11 leading 
to pyndyl sulfide 17 The attractive feature of Barton's radical decarboxylation process is its 
synthetic scope By varying the radical trapping agent X-Y in principle a great variety of different 
substitution products 15 can be obtained10 
Scheme 2 
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When this mechanistic analysis is projected on the decarboxylation of tricyclodecadienone 
carboxyhc acid 6, the intermediate formation ot bridgehead radical 18 is expected (Scheme 3) 
Scheme 3 
COOH 
Barton s procedure 
• • 
6 18 
This radical may exhibit considerable stability as on one hand it constitutes a tertiary radical and 
on the other hand it is stabilized by the ad|oimng enone system Moreover, the rigidity ot the 
strained system probably prevents intramolecular interaction with the Cg-C9 norbornene type 
double bond which could lead to cyclopropane ring formation The considerations above suggest 
a rather selective behavior of radical 18 towards radical trapping agents, which may be beneficial 
for the product formation 
The preparation ol the required thiohydroxamic ester 19 was carried out by converting acid 
6 into the corresponding acyl chloride using oxalyl chloride, followed by treatment with the 
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sodium salt of N-hydroxypyridine-2-thionc (Scheme 4). Attempts to isolate and characterize 
Scheme 4 
Ή 
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2 9 s" trapping reagent 
19 
N-acyloxypyridine-2-thione 19 failed due to its instability under work-up conditions. Therefore, 
in all experiments described hereafter, the thiohydroxamic ester 19 was not isolated but 
immediately subjected to the radical decarboxylation process 
In order to gain insight into the efficiency ot this radical decarboxylation process the 
well-documented replacement ot the carboxylic acid function by hydrogen was first studied 9l-
For this purpose 19 was heated in benzene at retlux, while irradiating with a tungsten lamp, in the 
presence of a large excess ot t-butyl mcrcaptan as the hydrogen donor. A mixture consisting ot 
parent tricyclodccadienone 7a and pyndyl sulfide 7b was obtained in yields of 60% and 15%, 
respectively (Scheme 4; Table I ) The latter product 7b was lormed in almost quantitative yield 
when no suitable radical trapping agent, such as t-butyl mercaplan, was present The formation ot 
some pyridyl sulfide 7b despite the presence of a large excess ot r-butyl mercaptan is indicative ot 
the relative stability of radical 18. It should be noted that no products arising from radical 
rearrangement or ring closure reactions of the tricyclodecadienone system were observed12 
Table 1 
7a 7b 7c 7d 7e 7f 7g 7h 7i 
yield(%) 
H SPy CI Br CH3S PhS PhSc OH 
trapping (PhS)^Sb 
reagent t-BuSH none t-BuOCl BrCCl, HCl, (McS)2 (PhS)2 (PhSe)2 Η 2 0 / 0 2 
60 >90 30 93 62 22 42 94 40 
The halodecarboxylation of 6 was studied under standard conditions For the synthesis ot 
6-chlorotricyclodecadienone 7c a solution of the acid chloride ot 6 in tetrachloromethane was 
added to a suspension of the sodium salt of N-hydroxypyridine-2-lhione in rclluxing 
tetrachloromethane while irradiating with a tungsten lamp. A mixture of two products was 
obtained from which the desired chloride 7c was isolated as the minor product in 10% yield only 
The major product, which was obtained in 70% yield, was ldcnlihed as pyndyl sulfide 7b. The 
high selectivity of bridgehead radical 18 lor reaction with hydroxamic ester ¿9 can readily be 
3X 
explained by assuming a low energy prol ile lor radical 18 which apparently is too stable to 
effectively induce C-Cl bond cleavage in tetrachloromethane. The formation of 7b appears to be a 
rather common side reaction in those cases where rather unreactivc radical trapping agents such 
as tetrachloromethane arc used10h. Attempts to promote the formation of 7c by modifying the 
reaction condition and using other chlorine donors, such as N-chlorosuccinimide and 
t-butylhypochlorite, led only to slight improvements. Eventually, chlonde 7c was obtained in an 
optimum yield of 30% by applying /-butylhypochlorite in tetrachloromethane. 
A much better result was obtained for the bromodecarboxylation of 6. In bromotrichloro-
methane, which is the commonly used radical trapping agent in this Barton decarboxylation 
process, an effective bromodecarboxylation of 6 was observed giving 6-bromotricyclodecadien-
one 7d in an excellent yield of 93'/f Only a trace of pyndyl sulfide 7b had been formed indicating 
that the C-Br bond in bromotrichloromethane is apparently weak enough to let this solvent 
successfully compete with the thiohydroxamic ester in capturing the 6-tncyclodecadienonyl 
radical 18. A similar saticlactory result was obtained when iodoform was used as the trapping 
agent. By generating the radical 18 in toluene in the presence of an excess of iodoform 6-iodotri-
cyclodecadienone 7e was isolated in 62% yield as a crystalline compound No pyndyl sulfide 7b 
was formed in this ïododecarboxylation of 6. This result further substantiates the selective nature 
of bridgehead radical 18. 
Having successfully accomplished the halodecarboxylation of acid 6 using Barton's 
procedure, the question arose whether this methodology can be applied for the introduction of 
other hetcroatom containing functionalities at the exposition in 7. The formation of pyndyl 
sulfide 7b from 19 in benzene indicates that the introduction of other sulfur containing 
substitucnts at C6 in 7 seems feasible. The radical chalcogenation has already been studied by 
Barton et al.13 and was shown to proceed quite well in many cases, provided an efficient trapping 
agent is selected which can effectively compete with the thiohydroxamic ester. 
When using dimethyl disulfide as the trapping agent under standard reaction conditions, 
carboxylic acid 6 only gave a disappointingly low yield (22%) ot tricyclic methyl sulfide 7f 
Again the major product isolated was pyridyl sulfide 7b. Using the somewhat more reactive 
diphenyl disulfide as the trapping agent only slightly affected the efficiency of this 
chalcogenation process. The disulfide bond in both dimethyl disulfide and diphenyl disulfide is 
apparently too strong to effectively compete with the thiohydroxamic ester in trapping the 
tncyclodecadienyl radical 18. Decreasing the reaction temperature to 0'°C which, as reported by 
Barton et α/13., should disfavor the lormation of the undesired pyridyl sulfide 7b, did not lead to 
improvement. Contrary to Barton's observations, the yields of the desired sulfides 7g 
considerably dropped while pyridyl sulfide 7b was now obtained in almost quantitative yield. 
These results indicate that the nature of the intermediate free carbon radical plays an determining 
role in the product formation. In the present case lowering the temperature favors the more 
selective radical addition of 18 to thiohydroxamic ester 19. Although a reversible fonnation of 18 
from the initial addition product cannot be excluded, the subsequent reaction of 18 with the 
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disulfides is apparently too slow to prevent the preferential formation of pyndyl sulfide 7b 
In agreement with the above reasoning, the use of the much more reactive diphenyl 
diselenidc as the radical trapping agent gave efficient capture of carbon radical 18 affording 
6-phenylselanyltricyclodecadienone 7h in an excellent yield of 94% 
The transformation of the 2-carboxyhc acid function in 6 into 6-oxygen substituted 
tricyclodecadienones such as alcohol 7i is ol great importance as these compounds may 
eventually give rise to 1-oxycyclopent-2-enones by the sequence of events depicted in Scheme 1 
These substructures occur in natural cyclopentenoids, eg kjellmamanone14 The translocation 
of the carboxylic acid moiety into an oxy group is usually a multistep operation involving either 
some oxidation process eg a Baeyer-Vilhger oxidation ot the corresponding ketone, or a 
decarboxylative conversion to a leaving group eg a halide, which then allows oxygen 
substitution using a metal hydroxide or alkoxide As radicals are usually efficiently trapped by 
triplet oxygen, the synthesis of bridgehead alcohol 7i was attempted applying Barton's 
decarboxylation procedure in the presence ol oxygen90 Unfortunately, no satisfactory results 
were obtained Again the formation of the pyndyl sulfide 7b turned out to be much more eifective 
than capture of molecular oxygen Recently, a new and synthetically more attractive method lor 
the oxydecarboxylation ol thiohydroxamic esters was developed1'' involving the generation of the 
carbon radical in the presence ot antimony tnsphenyl sulfide which leads to the formation of the 
corresponding carbon substituted bisphenyl antimonate (Scheme 5) Oxidation of this rather 
unstable antimonate with molecular oxygen, followed by aqueous work up, then produces the 
desired alcohol When this procedure was applied to tricyclic carboxylic acid 6 by adding 
antimony tnsphenyl sulfide to thiohydroxamic ester 19 at room temperature, in the dark and in an 
oxygen atmosphere followed by the addition of water, 6-hydroxytncyclodccadienone 7i was 
isolated in 40% yield after column chromatography (Scheme 5, Table 1) This result suggests that 
Scheme 5 
6 20 7i(40%) 21(25%) 
tricyclic antimonate 20 has indeed been formed A second tricyclic compound was isolated in 
25% yield to which, on basis ol spectral evidence, structure 21 was assigned This product is 
clearly the result of thiophenolate addition to thiohydroxamic ester 19 which apparently competes 
with the radical reaction The occurrence of appreciable amounts of thiophenolate in the reaction 
mixture is probably the result ot decomposition ol the antimony tnsphenyl sulfide which is known 
coo H 
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to be water and air sensitive Although there is certainly room for improving this 
oxydecarboxylation of 6 into 7i, no further attempts were made as a much more eftective route to 
6-subslituted oxytricyclodecadienone was tound starling from tricyclic bromide 7d (vide infra) 
In view oí our interest in tunctionahzed cage compounds, the synthesis of bridgehead 
bromide 25a and phenylselenide 25b starting from 1,3-bishomocubanone carboxylic acid 24 was 
undertaken (Scheme 6) Irradiation of tricyclic ester 22 in toluene gave 1,3-bishomocubanone 
Scheme 6 
COOH 
Barton reaction 
25a X=Br(87%) 
25b X=SePh(94%) 
ester 23 which on alkaline hydrolysis afforded carboxylic acid 24 in a quantitative overall yield 
The bromodecarboxylation and the phcnylselenodecarboxylation of 24, following the procedure 
described for the preparation ot 7d and 7h, gave 25a and 25b, respectively, in excellent yields 
The results described above show that an excellent route lo a variety of 6-substituted 
tncyclodecadicnones 7 starting lrom readily available tricyclic carboxylic acid 6 has been 
developed using the thiohydroxamic radical chemistry The only drawback encountered is the 
relatively high stability ot bridgehead radical 18 which necessitates rather reactive radical 
trapping reagents in order to suppress the lormation ol pyndyl sulfide 7b and to obtain acceptable 
yields of the desired 6 functionalized tricyclodecadienones 7 
3.3 Generation and characterization of norbornene-annulated cyclopentadienone 
The 6-substituted halides 7c,d,e appeared to be rather reactive compounds At room 
temperature they slowly decompose as indicated by their darkening They can however be kept in 
the refrigerator for months without noticeable change In order to uncover the chemical properties 
of these halides 7 in connection with their application in the synthesis of halovulones and 
punaglandines, the behavior of tricyclic bromide 7d in nucleophilic medium was investigated A 
fast reaction was observed when 7d was stirred in methanol in the presence of some potassium 
hydroxide At room temperature the bromide disappeared within a few minutes to give a major 
compound together with a minor amount ot a second product Both compounds could readily be 
separated by column chromatography Spectral analysis of both compounds immediately revealed 
the absence of bromine The maior compound isolated contained a methoxy group while its 
NMR-spcctral teatures closely resembled that ot the original bromide 7d suggesting this product 
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to be 6-methoxy-£n£fo-tncyclodecddienonc 26 (Scheme 7) To prove the entfo-configuration, 
Scheme 7 
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7d 
photocychzation of 26, which is well-established process for mfo-lncyclodecadienones, was 
performed by irradiation in toluene, affording 1,3-bishomocubanone 27 in quantitative yield This 
reaction unambiguously confirms thai structure 26 is correct The minor compound exhibited a 
rather complicated 'HNMR-speclrum whereas the 13CNMR-spectrum indicated a high degree ot 
unsaturation which together with the observed number of carbon resonances suggested a product 
with a dimenc structure On the basis of these spectral features together with mechanistic 
considerations dimenc structure 28 was assigned Interestingly, a nearly quantitative formation ol 
28 was achieved by refluxing 7d in methanol containing tnethylamine as the base The 
unambiguous proof lor structure 28 was obtained by an X-ray diffraction analysis (Figure l)16 
The high yield formation of both 26 and 28 from 7d can conveniently be rationalized by 
assuming an initial base-induced enohzation of 7_d followed by rapid elimination of the 6-bromo 
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substituent to give the highly strained norbornene annulated cyclopenladienone 10 This elusive 
cyclopenladienone then, depending on the reaction conditions, undergoes either conjugate 
addition of methoxide or dimenzation to give 26 and 28, respectively 
The occurrence ot such a tacile dehydrobromination of 7d to give 10 is surprising in view 
of the considerable increase in energy that goes along with the formation of such an annulated 
cyclopentadienone system Cyclopentadienones are extremely reactive compounds and generally 
immediately dimenze in a Diels-Alder reaction after their formation17 The isolation of the 
complicated heptacyclic dione 28 which is one of the conceivable Diels Alder dimenzation 
adducls ot 10 therefore presents firm evidence for its intermediacy in the reaction of bromide 7d 
with either potassium hydroxide or tnelhylamine in methanol Apparently, the conjugate addition 
of methoxide to the C2 C6 enone system in 10 to give 26 can effectively compete with the 
[4+2] dimenzation To our knowledge this is the first example of a successful trapping of a 
cyclopenladienone intermediate by nucleophilic coniugate addition The exclusive formation of 
26 shows that this conjugate addition ot the methoxide nucleophilc to 10 is regio- and 
stereoselective The observed regiospecilicity agrees with the higher reactivity of the more 
strained C2-C6 enone moiety as compared with the peripheral C4 C5 enone The observation of 
exclusive methoxide attack at C6 in 10 from the exo lace leading to the endo tricyclodecadienone 
system is probably ot slenc origin although stereoelectronic effects may also play a role 
Inspection ot molecular models shows that addition of a nucleophile from this exo face may 
stencally be slightly favored over attack trom the endo tace 
For the dimenzation ol 10, which proceeds via a [4+2]-cychzation, eight possible 
combinations can be envisaged However, molecular modeling studies involving all conceivable 
transition states clearly reveal that only the transition state involving the peripheral enone moiety 
and leading to enifo-dicyclopentadienone 28 is stereochemical^ feasible Involvement of the very 
reactive central C2 C6 double bond in this Diels Alder dimenzation leads to highly unlavourable 
transition states due to severe van der Waals interactions The stenc constraints encountered in 
the dimenzation ol 10 leading to 28 suggest that this process may be relatively slow as compared 
to the dimenzation of monocyclic cyclopentadienones This would explain the successful trapping 
of tricyclic cyclopentadienone 10 with potassium methoxide in methanol to give 26 
Additional evidence lor the relatively slow dimenzation rate of 10 was obtained from its 
trapping in a crossed Diels Alder reaction with cyclopentadicne When the dehydrobromination 
of 7d was carried out under the conditions used for the preparation of dimer 28, however now in 
the presence of a live told excess ot cyclopentadiene, hardly any dimer 28 was lormed Instead, a 
mixture ol cycloaddition products 29 and 30 was obtained in a ratio ol 1 2 and in 80% total yield 
(Scheme 8) The structures ot 29 and 30 were secured by correlation with known compounds For 
this purpose the mixture ol 29 and 30 was reduced with lithium in ammonia and subsequently 
oxidized with pyndinium chlorochromatc lo give 31 and 32 (ratio 1 2) After separation by 
column chromatography the Ή and nCNMR spectra of both compounds indicated that these 
structures were highly symmetric In principle there are tour possible structures which fulfill this 
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requirement for either D or C2-symmetry viz. 31, 32, 35 and 36 (Schemes 8, 9 and 10). Since the 
NMR-spectra of the isolated adducls did not allow an unambiguous structure assignment, 
independent synthesis of some of the possible candidates was pursued. Compounds 32 and 35 
were readily available by the Diels-Alder reaction of parent endo- and ejro-tricyclodecadienone.s 
7a and 33, respectively, with cyclopentadienc under Lewis acid catalysis (Scheme 0)18. After 
Scheme 9 
О 
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33 35 34 
(mirror image of 34) 
separation from the non-symmetrical adduci 34, which was formed in both reactions, comparison 
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of Ihe spectral data ol these C2-symmetnLal adducts 32 and 35 immediately identified one of the 
unknown products obtained in the reactions depicted in Scheme 8 as 32 The other unknown 
compound must therefore possess either structure 31 or 36 (Scheme 10) Differentiation between 
these structures is in principle conceivable by their diflerence in photochemical behavior Only 
for 31 irradiation is expected to give rapid intramolecular [2+2]-cycloaddilion to cage ketone 37 
due to the close proximity ot the two olefinic bonds Since ketone 37 is a known compound19 
Scheme 10 
36 31 37 38 
comparison ot spectral data will allow unequivocal assignment of this second unknown structure 
Indeed, when this adduci was subjected to irradiation in benzene containing 10% of acetone cage 
ketone 37 was obtained in 60% yield and accordingly identifying its pholoprecursor as 31 It 
should be mentioned that ketone 37 can also be obtained from related benzoquinone 38 in 7 steps 
and in an overall yield of 3 9%19 
The formation of adducts 29 and 30 in the crossed DicK-Alder with cyclopcntadiene 
demonstrates that the [4+2] cycloaddition does not occur at the central C2-C6 enone system 
despite its higher reactivity Even with a reactive diene such as cyclopentadiene, the stcric barrier 
imposed by either the methylene or elhene bridge cannot be overcome and the cycloaddition 
reaction takes place exclusively at the penpheul enone system in 10 and in the ercáo-lashion 
It is of interesting to note that tricyclodecatrienone 10 constitutes a chiral 
cyclopentadienone and theretore will allow the synthesis of enanliopure products This is nicely 
demonstrated by the synthesis of enanliopure dimer ( ) 28 trom enantiopure bromide (-)-7d by 
treatment with methyl amine in methanol The chemistry ol tricyclic bromide 7d described above 
opens interesting prospects lor the synthesis ol natural products and cage compounds via the 
intermediacy ol norbornenc annulated cyclopentadienone 10 
3.4 Experimental section 
Genei al lemaiks 
Melting points were measured with a Reichert Thermopan microscope and are uncorrected IR 
spectra were recorded on a Perkin Elmer 298 infrared spectrophotometer Ή and 13C-NMR 
spectra were recorded on a Bruker AM-400 spectrophotometer, using TMS as an internal 
standard For mass spectra a double focussing VG 7070E mass spectrometer was used Capillary 
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GC analyses were performed using a Hewlett-Packard 5890A gas Chromatograph, containing a 
cross-linked methyl silicone column (25m) Flash chromatography were carried out at a pressure 
of ca 15 bar, a column length of 15-25 cm and a column diameter of I 4 cm, using Merck 
Kieselgcl 60H Elemental analyses were performed on a Carlo Erba Instruments CHNS-O 1108 
Elemental analyzer Optical rotations were determined on a Perkin-Elmcr 241 Polarimeter All 
solvents used were dried and distilled following standard procedures 
General procedure foi Bai ton's ladital decaí boxylation ι eaction 
A Preparation of acid chloi idei 
The acid chlorides were prepared immediately before use and were not purified Thus, a solution 
of the corresponding carboxyhc acid (1 mmole) in benzene (5 ml) was treated with oxalyl 
chloride (0 3 ml) and a drop ot dimethyl lormamide Alter stirring lor 2 hrs at room temp with 
protection from moisture, the solvent and the excess ot oxalyl chloride were evaporated in vacuo 
and the residual acid chloride was used as such 
В Barton's ladical reaction 
Acid chloride (1 mmole) in appropriate solvent (5 ml) was added dropwise (adding rales depend 
on the reaction) to a dried, stirred suspension of N-hydroxypyndin 2 thione sodium salt (1 2 
mmole) in the same solvent and containing the radical trapping reagent During the addition the 
mixture was heated at reflux and irradiated with a 250 w tungsten lamp in an inert atmosphere 
After completion ot the addition the reaction mixture was cooled to room temp and evaporated to 
dryness The crude product was punlied by flash chromatography over silica gel and/or 
recrystallizaüon 
endo Tricvclo/5 2 1 iß 6ldeca-4.8 dien 3 one 7a3c 
Following the general procedure (addition time 15 min , benzene as solvent and l butyl 
mercaptane as trapping reagent), flash chromatography (n-hexane/elhyl acetate = 9/1) gd\c 7a (90 
mg, 60%) as a white crystalline material together with 7b (38 mg, 15%) 
7a ^-NMR (400 MHz, CDC13) δ 7 38 (dd, J4 5=5 7 Hz, IH H5), 5 95 (m, 2H, H4 HR or Hy), 
5 78 (dd, J g 9 =5 6 Hz, J, ч resp J 7 g =2 9 Hz, IH, H8 or H9), 3 42 (m, IH, H6), 3 22 and 2 97 (2 χ 
bs, 2H, H, and H7), 2 80 (dd, Jj 2= J 2 6=5 1 Hz, IH, H2), 1 76 A ot AB (d, Jlüd lüs=8 4 Hz, IH, 
H10a or H10s), 1 62 В of AB (d, J 1 0 a lös=8 4 Hz, 1 H, H10a or Hlüs) 
ó-Pyridylthio-enào-nicytlofS 2 1 02('ldeca-4,8-dien-3-one 7b 
Following the general procedure (addition time 15 min, benzene as solvent), flash 
chromatography (n-hexane/eihyl acetate =1/1) gave 7b (230 mg, 90'/?) as an oil 
7b 'H-NMR (400 MHz, CDC1,) δ 8 45 7 50, 7 22 and 7 04 (m, 4H, Py H), 7 83 (d, J4 5=5 6 H/, 
IH, H5), 6 05-5 99 (m, 2H, H8 and H9), 5 91 (d, J4 5=5 6 Hz, IH, H4), 3 40 and 3 32 (2 χ brs, 2H, 
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H! and H7), 3 00 (d, J, 2=4 6 Hz, IH, H2), 2 50 A of AB (d, Jl0a 10s=8 9 Hz, IH, H1 0 s), 1 86 В of 
AB (d, J10a,ios=9 0 Η ζ · 1 H · Hioa) I R (CH2C12) υ 3100-3020 (C-Η, unsat ), 3010-2820 (C-H, 
sat ), 1700 (C=0), 1575 (C=C, conj ) cm ' С I/MS m/e (%) 256 (100, M++l), 228 (25, M+-CO), 
190 (38, M+ C5H6), 161 (35, M+-C,H6-CO), 145 (24, M+-SPy), 112 (92, SPy++l), 66 (7, C5H6+) 
EI/HRMS m/e 256 0796 [cale lorC„H
n
NOS(M+) 256 0795] 
6-Chloro endo tricyilo/5 2 1 026ldeca-4,8 dien 3 one 7c 
Following the general procedure (addition time 30 min , carbon tetrachloride as solvent and 
trapping reagent), flash chromatography (n-hexane/ethyl acetate =9/1) gave 7c (25 mg, 14%) and 
7b (180 mg, 70%) 
7c Ή-NMR (400 MHz, CDC1,) δ 7 30 (d, J4 5=5 6 Hz, IH, H5) 6 02 5 96 (m, 3H, H4 H8 and 
H9), 3 32 and 3 10 (2 χ bs, 2H, Щ and H7), 3 10 (d, J, 2=4 7 Hz, IH, H2), 2 38 A ot AB (d, 
Jiüa IOS=9 0 H z- 1H- HIOS)> 2 0 0 B ot AB (d, J10ii 10s=9 0 Hz, IH, H10a) IR (CH2C12) υ 3100-3020 
(C-Η, unsat ), 3010-2820 (C-Η, sat ), 1705 (C=0), 1580 (C=C, conj ) cm ' CI/MS m/c (%) 182 
(6, M++l), 180 (18, M+), 145 (21, M+-C1), 117 (18, M+ CI CO), 66 (100, C5H6+) EI/HRMS m/e 
180 0343 [cale tor C,0H9OC1(M+) 180 03421 
An improved procedure foi the pi ерш ation of chloride 7c 
The reaction was carried out as above but now without irradiation (The reaction vessel was 
covered with aluminum foil) After adding the acid chloride, l-butyl hypochlorite (0 5 ml) in 
CC14 (1 ml) was added immediately Stirring was continued for 20 min at room temp The yield 
of 7c was improved to ~30% (55 mg) 
6 Biomo endo tricyclo¡5 2 1 O26¡deca 4,8 dien 3 one 7d 
Following the general procedure (enantiopure 6 [ct]D25= 84 3°, c=0 65, CH3OH, addition time 
15 minutes, bromotrichloromethane as solvent and trapping reagent), flash chromatography 
(n-hexane/ethyl acetate =9/1) gave 150 mg (67%) white crystalline bromide 7d and 155 mg of a 
mixture of bromide 7d and pyndyl sulfide 7b (containing 38% bromide 7d according to GC) 
(Complete isolation ot 7d was possible by repeating flash chromatography and recrystallization) 
The total yield of bromide 7d was 93% 
7_d m ρ >80 "С, decomposition (η hexane), [α]
π
2 ,
= -222° (c=0,69, CH3OH) 'H-NMR (400 
MHz, CDCI3) δ 7 41 (d, J4 5=5 6 Hz, IH, Hs), 6 00 A of AB (dd, J 8 9=5 6 Hz, Jj 9 resp J7 8=2 8 
Hz, IH, H8 or H9), 5 95 В ol AB (dd, J8 9=5 6 Hz, J, 9 resp J7 8=3 2 Hz, IH, H8 or H9), 5 94 (d, 
J4 5=5 6 Hz, IH, H4),3 31 and 3 25 (2 χ brs, 2H, Hj and H7), 3 21 (d,J1 2=4 6Hz, IH, H2), 2 44 A 
of AB (d, J 1 0 a 10s=9 0 Hz, IH, H 1 0J, 2 04 В ot AB (dt, J 1 0 a 10s=9 0 Hz, J 1 0 a ,= J 1 0 a 7 = l 6 Hz, IH 
HIOa) IR (CH2C12) υ 3100-3020 (C-Η, unsat ), 3010-2820 (C-Η, sal), 1700 (C=0), 1575 (C=C, 
conj) cm 1 CI/MS m/e (%) 227 (9, M++2), 225 (10, M+), 145 (100, M+-Br), 1І7 (55, 
M+-Br CÜ), 66 (100, C,H6+) Found С 52 72, Η 3 94 (cale lor CwH9OBr С 53 36, Η 4 03) 
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6-lodo-tnuo-tricyclol5 2 1 O26 ¡deca 4,8-dien-3 one 7e 
Following the general procedure [addition time 15 minutes, toluene as solvent and ïodolorm (800 
mg, 2 eq ) as trapping reagent], flash chromatography (n-hexane ethyl acetate =9 1) gave 7e (170 
mg, 62 5%) as a white crystalline material An analytical sample was obtained by crystallization 
7e mp 81 5-85 5 °C (dnsopropylether) Ή NMR (400 MHz, CDCI3) δ 7 55 (d, J 4 5=5 6 Hz 
IH, H5), 5 97 A of AB (dd, J8 9=5 5 Hz, Jl 9 resp J7 g=2 8 Hz, IH, H8 or H9), 5 89 В of AB (dd 
J 8 9 =5 5 Hz, J! g resp J 7 8=3 1 Hz, IH, H8 or H9), 5 83 (d, J 4 5=5 6 Hz, IH, H4), 3 39 and 3 27 (2 χ 
brs, 2H, H t and H7), 3 24 (d, Jx 2=4 6 Hz, IH, H2), 2 49 A ol AB (d, J1 0 a w=9 0 Hz, IH, H1 0 s), 
2 07 В of AB (dt, J 1 0 a 1 0 s=9 0 Hz, J1 0 a 1 = J 1 ( ) a 7=l 6 Hz, IH, H10a) IR (CH2C12) υ 3100-3020 
(C-Η, unsat ), 3010-2820 (C-Η, sal ), 1700 (C=0), 1570 (C=C, conj ) cm ' CI/MS m/e (%) 273 
(3, M++l), 145 (100, -I), 117 (17, -I-CO), 79 (9, Γ), 66 (19, C5H6+) EI/HRMS m/e 272 9776 
[cale for C10H9OI(M++1) 272 9776] 
6-Methylsulfanyl endo тсус1о[52 1 026ldeca-4,8-dien 3-one 7f 
Following the general procedure (addition lime >30 min , dimethyl disulfide as solvent and 
trapping reagent), flash chromatography (n-hexane/ethyl = 9/1) gave 7f (90 mg, 227r ) as a 
colorless oil 
7f 7 23 A of AB (d, J 4 5=5 6 Hz, IH, Hs), 6 01-5 97 (m, 2H, H8 and H9), 5 95 В ot AB (d, 
J4 5=5 6 Hz, IH, H4), 3 32 and 2 84(2 χ brs, 2H, H{ and H7), 2 81 (d, J, 2=4 6 Hz IH, H2), 2 34 A 
of AB (d, J 1 0 a 10s=8 7 Hz, IH, H1 0 s), 185 В of AB (dt J1 0 a 10s=8 7 Hz, J1 0 d 1 = J 1 0 a 7 = l 6 Hz, IH, 
H10a) IR (CH2C12) υ 3100-3020 (C-Η, unsat ), 3010-2820 (C-Η, sat ), 1700 (C=0), 1570 (C=C, 
conj ) cm ' ΕΙ/MS m/e (%) 192 (16, M+), 164 (79, M+ CO), 126 (86, M+ C,Hfl), 144 (57, 
M+-CH3SH), 98 (28, M+-C5H6-CO), 117 (62, M+-CH3S-CO), 66 (100, C5H6+) EI/HRMS m/e 
192 0608 [cale for C
n
H12OS(M+) 192 0609] 
6-Phenylsulfanyl-cndo rruvclofS 2 I 026ldec 8 en 3-one 7g 
Following ihe general procedure (addition time 15 minutes, toluene as solvent and diphenyl 
disulfide (10 eq ) as trapping reagent), flash chromatography (n-hexane ethyl = 9 1) gave 7g (105 
mg, 42%) as a white solid 
7g m ρ 58 °C 'H-NMR (400 MHz, CDC1,) δ 7 50 and 7 29 7 40 (m, 5H, Ph H), 7 26 A ot AB 
(d, J 4 5=5 6 Hz, IH, H5), 5 97 A of AB (dd, J x 9=5 5 Hz, J, 9 resp J 7 8=2 9 Hz, IH, H8 or H9), 5 92 
В of AB (dd, J8 9=5 5 Hz, Jt 9 resp J7 8=3 0 Hz, IH, H8 or H9), 5 80 В ot AB (d, J4 5=5 6 Hz, IH, 
H4), 3 31 and 2 94 (2 χ brs, 2H, H, and H7), 2 80 (d, J, 2=4 6 Hz, IH, H2), 2 49 A ot AB (d, 
J 1 0 a 1 0 s=8 7 Hz, IH, H1 0 s), 1 90 В ot AB (dt, Jlüa 10s=8 7 Hz, J10a I = J10l 7=1 6 Hz, IH, H10a) IR 
(CH2C12) υ 3100-3020 (C-Η, unsat), 3010-2820 (C-Η, sat), 1700 (C=0), 1570 (C=C, conj) 
cm
1
 CI/MS m/e (%) 254 (22, M+), 226 (100, M+-CO), 188 (41, M+-C5H6) 160 (37, 
M+-C5H6-CO), 145 (74, M+-SPh), 117 (71, M+-SPh-CO), 66 (11, CSH6+) EI/HRMS m/e 
254 0765 [cale for C16H14OS(M+) 254 0765] 
48 
6-Phenylselan\l endo-» IL л с lo¡5 2 1 ü2('ldeca 4,8 dien-3-one 7h 
Following the general procedure [addition time 15 minutes, toluene as solvent and diphenyl 
disclenidc (2 eq ) as trapping reagent]. Hash chromatography (n hexane ethyl = 19 1) gave 7h 
(282 mg, 94%) as a white solid 
7h m ρ 69-71 "С (10% dusopropylether in n-hexane) Ή NMR (400 MHz, CDC13) δ 7 60 and 
7 40-7 25 (m, 6H, Ph-H and H5), 5 94 A of AB (dd, Jg 9=5 5 Hz, ]l 9 resp J7 g=2 9 Hz, 1H, Hg or 
H9), 5 89 В of AB (dd, Jg 9=5 5 Hz, J, 9 resp J7 g=3 0 Hz, IH, Hg or H9), 5 75 (d, J4 5=5 6 Hz, IH, 
H4), 3 31 and 2 98 (2 χ brs, 2H, Hl and H7), 2 83 (d, J, 2=4 6 Hz, IH, H2), 2 47 A of AB (d, 
Jioa i0s=8 7 Hz, IH, H1 0 s), 1 92 В of AB (dt, J 1 0 a 10s=8 7 Hz, J 1 0 a ,= J 1 0 a 7 = l 6 Hz, IH, H10a) IR 
(CH2C12) υ 3100-3020 (С H, unsat ), 3010-2820 (C-Η, sat), 1695 (C=0), 1570 (C=C, conj ) 
cm ' ΕΙ/MS m/e (%) 302 (17, M+), 274 (49, M+-CO), 157 (17, SePh+), 145 (98, M+-SePh), 117 
(100, M+-ScPh-CO), 79 (84, M+-C5Hft ScPh), 66 (17, C5H6+) EI/HRMS m/e 302 0200+0 0009 
[cale for C16H14OSe(M+) 302 0210] 
6-Hvdroxy endo-f;ityclo[5 2 1 026]с1еса-4,8-сііеп 3-orte 7i and 5 шго-endo tncyclof5 2 1 026l 
deca 4,8-dien-2 caibothiuic acid S phen\l ebtei 21 
The acid chloride of 6 (1 mmole) in dichloromethane (5 ml) was added (5 minutes) to a dried, 
stirred suspension ot N-hydroxypyndin 2-thione sodium salt (1 2 mmole) in dichloromethane (5 
ml) at room temp in an air atmosphere The reaction vessel was covered with aluminum toil 
After completion ot the addition (PhS),Sb (900 mg, 2 mmole) in dichloromethane was added and 
stirring continued for 10 min at room temp while protecting Irom light Then water (0 5 ml) was 
added and the aluminum foil removed The mixture was stirred at room temp for another 2 hrs 
Solid material was removed by filtering and the liquid layer concentrated in vacuo The crude 
product was purified by Hash chromatography (n-hexane/ethyl acetate = 4/1) on silica gel to give 
7[ (65 mg, 40%) and 21 (70 mg, 25%) An analytical sample was obtained by crystallization 
7J m ρ 73-75 °C (diisopropyl ether) 'H-NMR (400 MHz, CDCl,) δ 7 28 (d, J 4 5 =5 7 Hz, IH, 
H5), 6 00 A Ol AB (dd, J 8 9=5 6 Hz, J 1 9 resp J 7 g=3 1 Hz, IH, H8 or H9), 5 97 В ol AB (dd, 
J8 9=5 6 Hz, J, 9 resp J7 8=2 8 H/, IH, H8 or H9), 5 95 (d, J4 5=5 7 Hz, IH, H4), 3 24 and 2 80 (2 χ 
brs, 2H, Η, andH7), 2 66 (d, J, 2=4 5 H/, IH, H2), 2 71 (s, IH, OH), 2 30 A of AB (d, J 1 0 a 10s=8 7 
H/, IH, H1 0 s), 1 95 В of AB (dt, J1 0 a lüs=8 7 Η/, J1 0 a 1 =J 1 0 - 7 =1 5 Hz, IH, H10a) IR (CH2C12) υ 
3600-3500 (free OH), 3600 3100 (Η-bonded OH), 3100-3020 (C-Η, unsat), 3010 2820 (C-H, 
sat ), 1700 (C=0), 1570 (C=C, con| ), 1030 (C-O) cm ' CI/MS m/e (%) 163 (100, M++l), 145 
(36, -H20), 134 (76, M+ CO), 97 (45, M++l C5H6), 66 (94, C5H"6+) EI/HRMS m/e 162 0680 
[cale for C10H10O2(M+) 162 0681], 163 0759 leale for C 1 0HuO 2(M++l) 163 0759] 
21 rap 77 5-79 °C (dusopropylether) 'H-NMR (400 MHz, CDCl,) δ 7 48 (d, J 3 4 =5 7 Hz, IH, 
H3), 7 45-7 38 (m, 5H, Ph H), 6 09 (d, J 3 4=5 7 Hz, IH, H4), 6 07 A of AB (dd, J 8 9 =5 5 Hz, J, 9 
resp J 7 8=2 7 Hz, IH, Hg or H9), 6 00 В of AB (dd, J 8 9=5 5 Hz, J, 9 resp J 7 8=3 1 Hz, IH, H s or 
H9), 3 38 (d, J 6 7 =4 7 Hz, IH, H6), 3 36 and 3 33 (2 χ bs, 2H, H, and H7), 1 99 A of AB (d, 
Jiü, ios=9 ° H7- 1H · Hi0s). 1 79 В of AB (d, Jlüa 10s=9 0 Hz, IH, Н
Ша
) IR (CH2C12) υ 3100-3020 
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(C-H, unsal ), 3010-2820 (C-Η, sat ), 1700 (C=0), 1580 (C=C, conj ) cm ' Cl/MS m/e (%) 283 
(28, M++l), 255 (50, -CO), 217 (6, M++1-C,H6), 173 (86, M+-SPh), 145 (100, M+-COSPh) 66 
(34, C5H6+) EI/HRMS m/c 283 0791 Leale for C17H1502S(M++1) 283 0793J Found С 72 06 
H 4 95, S 11 40 (cale for C 1 7H 1 40 2S С 72 31, H 5 00, S 11 36) 
PentacìdolSìOO15 039048ìdeca 10-one-2 caiЬохлііс acid24 
A solution of ester 22 (1 5 g) in toluene (140 ml) was irradiated for 5 hrs using a high-pressure 
mercury arc and a Pyrex filter Concentration m vacuo gave rather pure 23 as a oil 
23 'H-NMR (400 MHz, CDC13) δ 4 16 and 4 11 AB χ 2 (2 χ d, Ja b=7 1 Hz, 2H, CH2CH3), 3 39, 
3 12, 3 02, 2 96, 2 62 and 2 52 (6 χ m, 7H), 1 93 and 1 65 AB system (2 χ d, J1 0 a 1 0 s=l I 7 Hz, IH, 
Ню) 
Above ester 23 was dissolved in methanol/water (25 ml, 1 1) containing sodium hydroxide (10%) 
and stirred at room temp for 2 hrs to give a 24 (1 5g) as a white solid Chromatography (a little 
amount of silica gel, n-hexane/EtOAc = 1/1) gave pure 24 (1 12g, 95%) as a white crystalline 
solid 
24 m ρ 83-85°C 'H-NMR (400 MHz, CDC13) δ 9 29 (brs, IH, COOH), 3 42 3 17, 3 06, 2 97 
2 64 and 2 59 (6 χ m, 7H, all ot ten H), 1 94 and 1 68 ABx2 (2 χ d, J
a b =l 1 7 Hz, 2H, CH2) 
nC-NMR (100 MHz, CDCI3) δ 214 2/178 6/54 0 (quai) 53 2/47 5/43 5 (teit ), 414 (sec), 
41 0/40 6/38 6/36 9 (tert ) IR (CH2C12) υ 3500-2700 (COOH), 3010-2820 (C-Η, sat ), 1760 and 
1700 (C=0) cm ' ΕΙ/MS m/e (%) 190 (14, M+), 162 (17, M+-CO), 145 (15, M+-COOH), 117 
(100, M+-COOHCO), 66 (21, C,H6+) EI/HRMS m/e 190 0631 [cale lor С,,Нш03(М+) 
190 0630] 
8-Bromo-pentacvclol5 3 0 025 O39^ 8ldeca 6 one 25a 
Following the general procedure (addition time 30 minutes, bromolnchloromcthane as solvent 
and trapping reagent), flash chromatography (n-hexane/elhyl acetate =9/1) gave a nuxtuie 
(310mg) of 25a and the corresponding pyndyl sulfide The yield ol 25a is 87% (content ol 25a is 
63% by GC) 
25a 'H-NMR (90 MHz, CDC13) 5 3 41,3 25, 2 99 and 2 60 (m, 7H, tert H), 2 15 and 1 61 AB (2 
χ d, J
a b =ll 7 Hz, 2H, CH2) GC-EI/MS m/e (%) 226 (2, M++l), 224 (2, M+-l), 198 (13, 
M++l-CO), 196 (13, M+-l-CO), 145 (52, M+-Br), 117 (100, M+-Br-CO), 66 (44, C5H6+) 
8-Phenvlselanyl-pentaLVclof5 3 0 025 tf 9(?Hldeca 6 one 25b 
Following the general procedure [addition time 15 minutes, toluene as solvent and diphenyl 
selenide (470mg, 1 5mmol) as trapping reagent], flash chromatography (n-hexane/EtOAc = 9/1) 
gave a mixture (375mg) ot 25b and the corresponding pyndyl sulfide The yield of 25b is 94% 
Pure 25b was obtained by recrystallization 
25b m ρ 76-77 5°C (ether) Ή NMR (400 ΜΗ/, CDCl,) δ 'H-NMR (400 MHz, CDC13) δ 
7 58, 7 37-7 26 (m, 5H, Ph H), 3 22, 3 08, 3 94, 2 56 and 2 32 (5 χ m, 7H), 1 76 and 1 54 ABx2 
50 
(2 χ d, J
a b =l 1 5 Hz, 2H, СН2) П С NMR (100 ΜΗ/, CDCI3) δ 214 2 (quat ), 136 5/129 0/128 6 
(tert ), 127 2 (quat ), 56 7/52 8 (ten ), 52 3 (quat ), 44 6/42 2/41 7 (ten ), 40 9 (sec ), 40 7/39 3 
(ten ) IR (CH2C12) υ 3010-2820 (C-Η, sat ), 1755 (C=0), 1580 (C=C, conj ) cm > El/MS m/e 
(%) 302 (3, M+), 274 (25, M+CO), 236 (14, M+-C5H6), 145 (38, M+-80SePh), 117 (100, 
M+-ScPh-CO), 66 (3, C5H6+) EI/HRMSm/e 302 0209 [cale tor C,f,H14O80Se(M+) 302 0210J 
6-Methoxy endo-» ι о clo[5 2 I Ö26Jdeca-4,8 dien 3-one 26 
Crystalline bromide 7d (100 mg, 0 44 mmol) was added to a solution of potasium hydroxide 
(20%, 10 ml) in methanol with stirring while cooling (ice-water) Stirring was continued until 
crystalline 7d had complete disappeared The mixture was neutralized and concentrated Water 
(10 ml) was added lollowed by extraction with ether (3x), several washing with bnne and water, 
drying (Na2S04) and concentration m vacuo to give 26 as a viscous oil (80 mg, yield is 84'/ by 
GC) Pure 26 can be obtained by Hash chromatography (n-hcxane/ElOAc = 5/1) as a colorless oil 
26 'H-NMR (400 MHz, CDC13) δ 7 29 (d, J4 ,=5 8 Hz, IH, H5), 6 06 (d, J 4 5 =5 8 Hz, IH, H4), 
6 00 A of AB (dd, J 8 9=5 6 Hz, J,,; resp J7 8=2 8 Hz IH, H8 or Ну), 5 96 В of AB (dd, J g 9 =5 6 
Hz, J,
 9 resp J7 8=3 1 Hz, IH, HK or H9), 3 31 (s, 3H, OCH3), 3 22 and 2 86 (2 χ brs, 2H, H, and 
H7), 2 77 (d, J, 2=4 7 Hz, IH, H2), 2 20 A oí AB (d, JIOa 10s=8 5 H/, IH, H10s), 1 88 В ot AB (dt, 
JiOaiüs=8 5 Hz, J10al= J10j7=l 6 Hz, IH, H10j) IR (CH2C12) υ 3100-3020 (C-Η, unsal ), 
3010-2820 (C-Η, sat ), 1700 (C=0), 1580 (C=C, coni ) cm ' EI/MS m/e (%) 176 (14, M+), 148 
(44, M+-CO), 111 (100, M++1-C,H6), 81 (74, M+-C5H6-OCH3), 66 (93, C<¡H6+) EI/HRMS m/e 
176 0837 [cale tor CuH]202(M+) 176 08371 
8 Methoxv-pentac\clo[5 3 0Ö25 039 (!48]deca 6 one 27 
A solution ot 26 (25 mg) in toluene (2 5 ml) was irradiated tor 4 hrs using a high pressure 
mercury arc and a Pyrex lilter Concentration in vacuo gave 27 (25mg, 100%) as a pure white 
solid 
27 'H-NMR (400 MHz, CDC13) δ 3 20 (s, 3H, OCH3), 3 15-2 80 (m, 5Н, Н 4 6 ч ) , 2 58 (m, IH, 
Н2), 2 35 (m, IH, H5), 1 99 and 1 59 AB (2 χ d, J1 0 a iOs=1 ! 6 Hz, IH, H10) IR (CH2C12) υ 
3020-2820 (С H, sat ), 1755 (C=0) cm ' ΕΙ/MS m/e (%) 176 (3, M+), 148 (53, M+-CO), 66(67, 
C5H6
+) EI/HRMSm/c 176 0835 leale tor С
и
Н 1 20 2(М+) 176 08371 
HeptacvclofV 61 J5* l12'5 О2 >° (f 9 θ" '6leicosa-4(9).6.13.J6,-tetiaene-3,I8-dione 28 
A solution of 7d (115 mg, 0 5 mmol, [a]D 2 5= -222°, c=0 69, CH3OH) in CH3OH (12 ml) and 
EI3N (3 ml) was refluxed lor 24h Concentration in vacuo and subsequent flash chromatography 
(n-hexane/EtOAc = 3/1) gave 28 (70 mg, >959r) as a white solid 
28 m ρ 179"C, decomposition (ethyl acetate), [a]D 2 ,= 90 6°, c=l 14, CHC13) 'H-NMR (400 
MHz, CDC13) δ 6 91 A ol AB (dd, J6 7=5 1 Hz, J, 6 resp J7 K=3 1 Hz, 1H, H6 or H7), 6 82 В ol 
AB(dd, J6 7=5 1 Hz J5 ft resp J7 K=3 2 H/ IH, H6 or H7), 6 61 A of AB (dd, J1 3 I4=5 4 Hz, J 1 2 1 3 
resp J, 4 1 S =3 0 H/, IH, H,, or H14), 5 94 В ol AB (dd, J n 14=5 4 Hz, J 1 2 1 3 resp J I 4 , ,=3 2 Hz, 
51 
IH, H1 3 or H14), 5 64 (dd, J : 17=λ 5 Hz, IH, H,7), 3 78 and 3 61 (2 χ brs, 2H, H5 and Нк), 
3 42-3 36 (m, ЗН), 3 14 (d, J2 ,0=5 7 Hz, IH), 3 07 (brs, IH), 2 49 A ol AB (dt, J20a20s=6 8 H ¿ · 
J=l 5 Hz, IH, one of H2Ü), 2 30 В ot AB (d, J20a20s=6 & Hz, IH, one of H20), 2 01 A ol AB (d, 
J 1 9 a 1 9 s=8 8 Hz, IH, one of H19), 1 98 В of AB (dl, J1 9 a 19s=8 8 Hz, J=l 6 H/, IH, One ol H19) 
13C-NMR (100 MHz, Η-dec, CDCI3) δ 199 2/196 3/195.2/167 5/150 2 (quat ), 
145 0/142 2/135 5/133 9/113 7 (tert ), 74 0 (sec), 68 3 (quat), 55 7/53 8 (tert ). 53 1 (sec), 
52 3/45 0/44 2/42 0/40 2 (tert ) IR (CH2C12) υ 3120-3030 (C-Η, unsat ), 3020-2820 (C-Η, sat ), 
1770 (C=0), 1680 (C=0, unsat ), 1590 (C=C, con] )cm ' CI/MS m/e (%) 289 O, M++l), 261 
(12, M++l-CO), 194 (100, M+-CO C,H6), 66(6, C,H6+) EI/HRMS m/e 289 12λ3 [cale tor 
C20H17O2(M++l) 289 1229] 
cis-tndo-Pentacyclol92 1 I58 02 ,0 O49]peniadeca 2(10),6,12-tiien-3-one 29 and ann-endo 
pentacyclol9 2 1 I58 02 '°O49]pemadeca 2(I0),6,12-:nen-3-one 30 
A mixture of 7d (115 mg, 0 5 mmol) and cyclopentadiene (0 5 ml) in methanol (12 ml) and Et3N 
(3 ml) was refluxed lor 24 hrs Concentration in vacuo and subsequent Hash Chromatograph) 
(n-hexane/EtOAc = 3/1) gave a mixture (85mg, 81%) ol 29 and 30 as a white solid in 1 2 ratio 
2? 'H-NMR (400 MHz, CDCI3) δ 6 73 A ol AB (dd, J=5 0 Hz, J=3 I Hz, IH), 6 67 В ol AB(dd 
J=5 0 Hz, J=3 2 Hz, IH), 5 74 A of AB (dd, J=5 6 Hz, J=2 9 Hz, 1H), 5 37 В of AB (dd, J=5 6 Hz, 
J=2 9 Hz, IH), 3 61 and 3 48 (2 χ brs, 2H), 3 46 and 3 19 AB (2 χ t, J=4 6 Η/, 2H), 3 09 and 2 95 
(2 χ brs, 2H). 2 37 and 2 31 AB (2 χ d, J=6 6 Hz, 2H), 1 72 A of AB (dt, J=8 4 Hz, J=l 8 Hz, IH), 
1 59 В of AB (d, J=8 4 Hz, IH) CI/MS m/e (%) 211 (100, M++l), 182 (76, M+-CO), 145 (39, 
M++l C5H6), 116 (98, M+ C5H6-CO), 66(9, C,H6+) 
30 'H-NMR (400 MHz, CDC13) δ 6 86 A ol AB (dd, J=5 1 Hz, J=3 1 Hz, IH), 6 75 В oi AB (dd, 
J=5 1 Hz, J=3 2 H/, IH), 5 99 A of AB (dd, J=5 6 H/, J=2 9 H/, IH), 5 81 В ot AB (dd, J=5 6 H/, 
J=2 9 Hz, IH), 3 61 and 3 49 (2 χ bs, 2H), 3 22 and 3 14 AB (2 χ t, J=4 6 Hz, 2H), 3 18 and 3 01 
(2 χ bs, 2H), 2 38 A ot AB (dt, J=6 6 Hz, J=l 5 Hz, IH, H1 0 s), 2 22 В ot AB (d, J=6 6 Hz, IH), 
1 82 A of AB (dt, J=8 4Hz, J=l 5 H/, IH), 1 61 В ot AB (d, J=8 4 H/, IH) CI/MS m/e ('70 211 
(65, M++l), 182(71,М+-СО), 145 (31, МЧ1-С5Н6), 116 (100, М+-С5Н6 СО), 66(12, CsHf,+) IR 
of mixture (CH2C12) υ 3120-3030 (C-Η, unsat ), 3020-2820 (C-Η, sat ), 1670 (C=0, unsat ), 1590 
(C=C, conj )cm ' 
endo-tis-enuo-Pentac\clo[9 2 1 I58 02 l0 04Vlpentadeca-6,l2-dien-3-one 31 and endo-a/ifi-endo 
pentac\cloI9 2 1 Ι5802 '°O49lpenradeca-6,12-dien-1 one 32 
A mixture ot 29 and 30 (210 mg, 1 mmol) in dry THF (5 ml) was added to a deep blue solution ol 
lithium in ammonia [prepared trom lithium metal (50 mg) and liquid ammonia (10 ml)l at -78°C 
with stimng] The reaction was continued lor 10 min and stopped by adding solid NH4C1 until 
the blue colour disappeared After evaporation ol the ammonia, water (5ml) was added and the 
mixture was extracted with ether (3x), washed with brine and water, dried (over Na2S04) and 
concentrated to give an oil (205mg) 
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This oil was redissolved in dichloromethane (10 ml) and treated with pyndinium chlorochromate 
(320 mg, 1 5 mmol) for 2 hrs at room temp Ether (30ml) was added, the mixture filtered and 
dried (over MgS04) and concentrated in vacuo Subsequent flash chromatography 
(n-hexane/EtOAc = 10/1) gave 31 (60 mg, 29%) and 32 (105 mg, 50%) 
3J. lH NMR (400 MHz, CDC13) δ 5 97 A of AB (dd, J a b=5 7 Hz, J=3 1 Hz, 2H), 5 90 В of 
AB(dd, J
a b=5 7 Hz, J=3 0 Hz, 2H), 3 28-3 17 (m, 4H), 2 97 and 2 88 (2 χ bs, 4H), 1 52 and 1 38 
AB (2 χ d, J=7 9 Hz, 4H) IR (CH2C12) υ 3100-3020 (C-Η, unsat ), 3010-2820 (C-Η, sat ), 1720 
(C=0) cm ' CI/MS m/e (%) 212 (6, M+), 184 (12, M+CO), 147 (23, M++1-C5H6), 66(100, 
C5H6
+) EI/HRMSm/e 212 1199 [cale for C1SH160(M+) 212 1201] 
32 'H-NMR (400 MHz, CDC13) δ 6 20 A of AB (dd, J=5 7 Hz, J=3 1 Hz, 2H), 6 07 В of AB(dd, 
J=5 7 Hz, J=3 1 Hz, 2H). 3 07 (2 χ brs, 4H), 2 60 A ol AB (dd, J=8 5 Hz, J=4 8 Hz, 2H), 2 42 В ot 
AB (dd, J=8 5 Hz, J=3 6 Hz, 2H), 1 45 A ol AB (dl, J=8 2 Hz, J=l 6 Hz, 2H), 1 27 В of AB (d, 
J=8 2 H/, 2H) ]R (CH2C12) υ 3100-3020 (C-Η, unsat ), 3010 2820 (C-Η, sat ), 1720 (C=0) cm ' 
CI/MS m/e (%) 212(0 7, M+), 147 (100, M++1-CSH6), 66(88, CSH6+) El/HRMS m/e 212 1199 
[calcforCi5H l60(M+) 212 1201] 
endo anti exo-Pentac\tlof9 2 I I5S t)210 (У* Q]pentadeca 6.12-dien 3-one 34 and exo-anti-exo-
pentandol9 2 1 158(Й I0 (flpentadeca 6.12 dien ì-one 35 
A mixture of exo-tncyclodecadienone 33 (440 mg, 3 mmol), cyclopentadiene (400 mg, 6 mmol) 
and AICI3 (80 mg, 0 6 mmol) in dried benzene (15 ml) was stirred for 4h at room temp 
Concentration m vacuo and subsequent flash chromatography (n-hexane/EtOAc = 19/1) gave 34 
(185 mg, 29%) and 35 (365 mg, 57%) 
34 'H-NMR (400 MHz, CDC13) δ 6 17 A of AB (dd, J=5 7 Hz and 3 1 Hz, IH), 6 14 A of AB 
(dd, J=5 7 Hz and 3 1 Hz, IH), 6 09-6 05 В of AB (m, 2H), 3 22-3 20 (m, IH), 3 11-3 07 (m, 2H), 
2 97 and 2 83 (2 χ bs, 2H), 2 51 (ddd, J=2 1, 4 1 and 8 6 Hz, IH), 1 94 A of AB (d, J=7 7 Hz, IH), 
1 78 В ol AB (d, J=7 7 Hz, IH), 1 51 A ol AB (d, J=8 4 H/, IH), 1 37-1 33 (m, 2H), 127 В of AB 
(d,J=8 4Hz, IH) 
35 'H-NMR (400 MHz, CDCI,) δ 6 19 A ot AB (dd, J=5 6 Hz, J=3 0 H/, 2H), 6 14 В ot AB (dd, 
J=5 6 H/, J=2 9 Hz, 2H), 3 07 and 2 86 (2 χ brs, 2 χ 2H), 2 43 and 1 90 AB (dd, J1 =J2=8 5 Hz, 2 χ 
2H), 1 39 and 1 30 AB (d, J=9 0 H/, 2 χ 2H) IR (CH2C12) υ 3100-3020 (С-Н, unsat), 
3010-2820 (C-Η, sat ), 1710 (C=0) cm 1 CI/MS m/e (%) 212 (2, M+), 147 (79, M++1-CSH6), 
66(100, C,H6+) EI/HRMSm/e 212 1202 [cale torC1 5H1 60(M+) 212 1201] 
Heptacyüol7 5 1 О2 s О1 7 О4 І3 (fi n 010 ,4lpentadeca-l ì-one 37 
A solution of 31 (45 mg, 0 22 mmol) in a mixture ol 10% acetone in benzene (10 ml) was 
irradiated overnight using a high pressure mercury arc and a Pyrex filter Concentration m vacuo 
and subsequent chromatography (n-hexane/EtOAc = 20/1) gave 37 (27 mg, 6Ш ) as a pure white 
solid 
37 m ρ 137-139 °C (ЕЮAc in n-hexane)[Lit19 m ρ 123-125 °C] 'H-NMR (400 MHz, 
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CDC13) δ 2 76 (m, 6H), 2 43 (d, J=7 1 Hz, 2H), 2 37, 2 27 and 1 60 (3 χ bs, 3 χ 2H), 1 61 A ol 
AB (dd, J=9 3 Hz, J=l 4 Hz, 2H), 1 41 В ot AB (dd, J=9 2 Hz, J=l 3 Hz 2H) 13C-NMR (100 
MHz, CDCI3) δ 219 7 (quai), 62 0 (tert ) 45 6 (sec), 43 4/38 S/38 0/35 1/34 4 (ten) IR 
(CH2C12) υ 3010-2820 (C-Η, sat), 1715 (C=0) cm ' CI/MS m/e (%) 212 (61, M+), 184 (55, 
М
+
-СО), 66(23, С5Н6+) EI/HRMSm/e 212 1202 [cale for C1SH160(M+) 212 1201] 
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CHAPTER IV 
A FACILE APPROACH TO NORBORNENE-ANNULATED CYCLOPENTENONES, 
A NOVEL CLASS OF TRICYCLODECADIENONES* 
4.1 Introduction 
The lncyclo[5 2 1 02 ''Jdecadienone system 1 constitutes a versatile synthetic equivalent ol 
cyclopentadienone12. Its rigid structure, the presence ot a reactive α,β-enone system and the 
ability oí the tricyclic skeleton to undergo [4+2]-cycloreversion are instrumental in the synthesis 
ol a variety ot functionalized cyclopentenones with defined stereochemistry and chirahty1 2 The 
éWtt-lricyclodecadienone system, racemic as well as enantiopure, is conveniently accessible via 
carboxyhc acid 2a, which in turn is readily available from the Diels-Alder adduct of 
benzoquinone and cyclopentadienc3 
COOR 
2a R=H 
2b R=C2H5 
In the preceding chapter, the synthesis of a senes of 6-substituted tncyclodecadienones 3 
starting from 2a employing Barton's radical chain decarboxylation methodology is described4 
Bromodecarboxylation ol 2a appeared to be particularly suitable tor a high yield synthesis ol 
bridgehead bromide 3a. Dehydrobromination of 3a using selected basic conditions is an efticient 
process to give elusive norbornene-annulated cyclopentadienone 4 as a transient intermediate in 
nearly quantitative yield. Although this cyclopentadienone is still· too reactive to be isolated its 
bicyclic structure retards its [4+2J-dimen/ation to such an extent that nucleophihc conjugate 
addition and crossed Diels-Alder reactions can compete efficiently This is exemplified by the 
alkaline methanolysis of bromide 3a which produces bndghead methyl ether 3b in excellent yield 
(>807o) The exclusive formation of 3b shows that 4 can be effectively intercepted by a 
nucleophile in a regio- and stereospecific coniugate addition involving the central C2-Cu enone 
moiety which is evidently more strained than the peripheral C4-C5 enone function. The efficient 
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two step synthesis of 4 from acid 2a suggests that this sequence may also be applicable lo the 
synthesis of the interesting hitherto unknown positional isomer of 1 viz. tncyclo[5.2.1.02,6]deca-
-2(6),8-dien-3-one 5. The absence of the peripheral enone moiety as present in 4 will probably 
lead to considerable chemical stability and accordingly it may be expected that this tncyclodeca-
dienone 5 is isolable despite us constrained C2-C6 cnonc system. In this chapter the successful 
synthesis of 5 and some of its derivatives is described. 
4.2 Preparation and rearrangement of parent norbornene-annulated cyclopentenone 
Norbornene-annulated cyclopentenone 5 is essentially the Diels-Alder adduct of 
cyclopentadiene and 2-cyclopentynone. Although this direct route to 5 is obviously blocked by 
the non-availability of 2-cyclopentynone, even as a transient intermediate, the use of an 
appropriate synthetic equivalent may, however, circumvent this synthetic problem. Kienzle and 
Minder applied ß-arylsulfonylcyclopentenones 6 for this purposc\ With cyclopentadiene the 
corresponding tricyclodecadienones 7a were obtained as an ем1о/ело-т\хШс (2:1 ratio) in 
60-80% yield (Scheme 1). Attempts to eliminate the arylsulfonyl group in 7a by a variety of basic 
reagents did not produce the desired ketone 5 but only led to its isomer 1 (R=H). Although the 
authors suggest that 1 is the result ot β,γ-, and not ot α,β-eliminalion, involving the initial 
formation of 8, this seems highly unlikely as the γ-hydrogen al C<¡ is not activated at all. Most 
interestingly, reducing the C8-C9 double bond in 7a and repeating the elimination procedure now 
smoothly converted 9 into the C2-C6 enone 10 in 60-80% yield (Scheme 1). This result indicates 
Scheme 1 
ArSO, 
7a 
DBU 
9 10 (60-80%) 
that the C8-CQ double bond in the ß-ehminalion ol sulfone 7a plays a decisive role in the product 
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lormaüon 
An eftective route to 6-substitulcd tncyclodecenones 7 is Barton's radical chain 
decarboxylation6 ot the corresponding carboxyhc acid Π (Scheme 2) As was demonstrated tor 3 
in the preceding chapter4, both the 6-bromo and 6-selenyl compounds 7b and 7c arc available 
using this methodology Both compounds may then undergo α,β-eliminalion to form 5 either by 
base induced dchydrobromination or oxidative sy/7-deselenylation These conversions may be 
much more eftective than the elimination of sulfinic acid trom sultone 7a 
The bromodecarboxylalion of tricyclic acid Π which is readily available by lithium 
aluminum hydride reduction ot tricyclic ester 2b (R=C2Hs) and subsequent basic hydrolysis1'7, 
was accomplished using essentially the same procedure as reported for the transformation of 
carboxyhc acid 2a into cnone bromide 3a Conversion ot U into the corresponding acid chloride 
with oxalyl chloride, tollowed by treatment with the sodium salt of N-hydroxypyridinc-2-thione 
attorded the N-acyloxypyridine-2-ihione ester 12 which was immediately exposed to 
bromotrichloromethanc at reflux temperature to give 6-bromo compound 7b in an excellent 
overall yield ot 919? (Scheme 2) 
Scheme 2 
COOH 
y \ 2 N a O N ^ 
11 
(CO)-CL DMF 
COO 
Ρ 
12 
ВгССІ3 hv 
9 1 % 
(PhSe)2 
SePh 
Phenylselenyldccarboxylation of Д also proceeded smoothly with diphenyl selenide in 
toluene as the radical trapping agent 6-Phenylselenyltncyclodecadienonc 7c was obtained in 84'7< 
yield as a nice crystalline material 
6-Bromoincyclodecenone 7b showed similar reactivity towards tnethylamine in methanol 
(1"4) as did as tricyclodecadienone bromide 3a At room temperature hardly any elimination ot 
bromide was observed whereas at reflux temperature the reaction was complete within 30 
minutes Capillary gas chromatography revealed the formation ot three products in a ratio 12 4.1, 
which, on basis of their 'HNMR-spectra were identified as the desired cnone 5, and endo- and 
<?w-tncyclodccadienone 1 (R=H) and 13, respectively (Scheme 4) Pure 5 was readily obtained in 
60% yield by flash chromatography over silica gel The formation of endo- and 
exo tricyclodecadienone (1 and 13) in this bromo-ehminauon ot 7b is readily explained by 
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Scheme Ч 
Br 
EI3N М ОН(1 4) reflux 
•-
0
 о' 
7b 5(60%) 1(20%) 13(5%) 
rearrangement of the initially formed 5 involving the base induced enohzation process depicted in 
Scheme 4 Deprotonation at C 4 leads to the cyclopentadienolale intermediate which by a series ol 
Scheme 4 
protonation 
enohzation 
protonation 
exo 14 13 
1,5 proton shifts eventually lorms either endo-Ы or exo-14 Subsequent stereospecific protonauon 
of these enolates at C 2 then leads to observed mixture ot endo- and exo tncyclodecadienones (1 
and 13) The occurrence oí such a base catalyzed process was conveniently demonstrated by 
treating 5 under identical conditions as applied by Kienzle and Minder4 using 
diazabicyclo[5 4 Ojundecene (DBU) in tetrahydroluran Alter stirring lor 3 days quantitative 
conversion of 5 into a mixture ol endo-l and exo-Yi in a ratio of 8 3 was observed This result not 
only explains the failure ol the Swiss group to isolate 5 but also shows that the choice ol the base 
used in the preparation ot 5 is crucial The thermodynamic bias which is the reason tor the rapid 
base induced isomerization ot S was substantiated by both lorce field (MM2) and semi-empirical 
(AMI) calculations8 (Table 1) 
After the successtul synthesis ot tricyclic enone 5 using the non nucleophihc base 
tnelhylamine, the question arose whether a more nucleophihc base system such as potassium 
hydroxide in methanol could be used for the preparation of 6 mcihoxy-endo tncyclodecenone 7d 
At room temperature bromide 7b rapidly reacted with this reagent to give 7d in 9()V( yield 
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Table 1. Calculated heat of formaüon(AMl) and strain energy(MM2) 
Heat of formation (AM 1) 
Kcal/mol 
Strain energy (MM2) 
Kcal/mol 
1 
27 62 
30 49 
5 
41.13 
39.76 
13 
25.85 
28 92 
(Scheme 5)1 '7 No enone 5 was detected in the product mixture. The formation of 7d is clearly 
Scheme 5 
KOH CH3OH η 
• 
CH3O" 
OCH, 
7b 5 
the result of rapid conjugate addition of melhoxide to relatively strained C2-C6 enone moiety of 
initially formed 5. This result already indicates the high reactivity ol this central enone system in 
5 toward nucleophiles. Interestingly, no tncyclodecadienones 1 and 13 were observed showing 
that nucleophihc addition to 5 is much more rapid than the enohzation shown in Scheme 4 
The oxidative deselenylalion is a iyn-ehminaiion reaction which generally proceeds at 
moderate temperatures and in high yields9 Oxidation of selenide 7c with sodium periodate at 5 
°C using standard conditions fully conformed to this general picture. Alter 20 min. the reaction 
was already complete to give tncyclodecadienone 5 as a single product in 75% isolated yield 
(Scheme 6) No tncyclodecadienones 1 and 13 were detected in the reaction mixture, confirming 
Scheme 6 
SePh 
N a l 0 4 MeOH/H20 
7c 5 
that base is needed for the isomen/ation of 5 to these compounds. 
In conclusion, a practical synthesis ot Lricyclo[5.2 1 02-6]deca-2(6),8-dienone 5 via two 
different eliminalive routes, essentially starting Irom carboxylic acid Ц , has been achieved 
During the enantioselective synthesis of (-)-lqellmanianone [he direct methoxylation of bromide 
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7b was applied with success 
4.3 A general approach to 5-substituted norbornene-annulated cyclopentenones 
It should be possible to extend the scope oí the above methodology to the synthesis ot 
derivatives of 5 One way to do so would be to use the enone system in either carboxylic acid 2a 
or 6-subslituted tricyclodecadicnones 3 as a handle lor denvati7ation Alter the desired enonc 
transformation, elimination ot an appropriate leaving group at C6 would then give the desired 
C2 C5 enone moiety 
Tricyclic phenylselcnide 3c was selected to verify this approach as this compound is readily 
available in high yield Irom acid 2a4 (Scheme 7) In view ot the previous experiences with 
Scheme 7 
Ή 
1 oxalyl chlonde/DMF 
COOH 2 NaO 
Ρ 
2a 
SePh 
FLCuLi 
78 °C 
15 a R = Me Y= 89% 
b η Bu 86% 
с t Bu 25% 
d Ph 70% 
conjugate cuprate additions to tricyclodecadicnones l}°, this reaction was investigated lor 3c 
using lour dillcrent cuprates 
The addition of dimethyl- and di-n-butylcuprate to 3c proceeded smoothly and in both cases 
afforded a single addition product in excellent yield Based on their spectral data which will be 
discussed below, structures 15a and 15b were assigned to these addition products (Scheme 7) 
Increasing the stenc bulk ot the nucleophile by using di t-butylcuprale led again to a single 
addition product viz 15c in a modest yield which is most likely due to the instability ot the 
cuprate reagent Subjecting 3c to diphenylcuprate gave again a single 1,4 addition product, 15d 
and also a small amount ol the 1,2 addition product 
The gross structures of the products 15a-d were all deduced Irom their mass, IR and NMR 
data However, the unequivocal assignment ol the configuration (endo or exo) of the newly 
introduced subslitutent at C5 in 15 required a more detailed Ή NMR analysis Comparison ol the 
'H-NMR spectra ol structures 15a-d with related tncyclodecenones viz 16 and 17ю revealed 
unambiguously the stereochemistry at C5 in 15 (Table 2) All tncyclodecenones 16 and 17 having 
C5 eni/o-protons exhibit proton signals at a considerably higher field (lower shut value) than the 
C5 ejto-protons in the related structures This phenomenon is the result ol ettective shielding ol 
the endo-C
s
 protons by the C8 Cy double bond The observation that tor 15a d the C, protons aie 
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Table 2. chemical shill of selected protons in 15, 16 and 17 
compound 
15 a R = endo - Me 
b endo - n-Bu 
с endo -1 -Bu 
d endo - Ph 
!£ M R = еда - Me 
b e^o - n-Bu 
ç е-дго - Ph 
d «j</o - Me 
17 a R = exo - Me 
b exo - n-Bu 
ç exo - Ph 
d endo - Me 
e endo - n-Bu 
f endo - Ph 
δ (ppm) 
H S e x o 
2.76 
2 60 
2 77 
3 99 
2 40 
2 44 
231 
3 97 
Hs-endo 
1 86 
1.68 
2.92 
2.04 
1.86 
3.26 
H8 and H9 
6 11 6.31 
6.09 6.27 
6.13 6.35 
5 69 6.05 
6.12 6 16 
6 14 6.15 
6 26 6.30 
6.01 6.21 
6 20 6.30 
6 18 6 30 
6 42 6.42 
6.16 6 35 
6 14 6.32 
5.79 6.12 
found al relatively lower held (higher shift value) proves their «irfo-stereochemistry (endo-R). 
Additional evidence tor the correctness of thus assignment is derived from the strong shielding 
ettect exhibited by the C5 ¿w/o-phenyl group on the C¡¡ and C9 oletinic protons in 17f and 15d In 
17c which contains an C5-f w-phenyl substituent these olefinic piotons absorb at considerably 
lower field (higher shilt value). At a later stage ol this project definite proot ol the correctness ot 
this 'HNMR analysis was obtained trom an X-ray diffraction analysis ot 15a the result of which 
is depicted in figure 1 ' ' 
The complete ¿«do-selectivity in combination with the high yields and relatively fast 
reaction rales observed tor the cuprale addition to 3c is quite surprising as the endo-face of the 
íTido-tntyclodecadienone system is severely hindered by the C8-C9 ethene bridge which generally 
results in predominant ejw-addition It is evident that the bulky phenylselenyl group at C6 may 
severely hinder or even block conjugate addition trom the e.vo-tace of 3c but this should at least 
be reflected in lower leaction rates and lower yields. Detailed studies to uncover the true nature ol 
this cuprale addition to 3c will be discussed in Chapter V From a synthetic point ot view this 
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1 X-ray structure of 15a 
directing effect of the phenylselenyl group is highly rewarding 
The oxidative deselenation of 15 was earned out as described above for the synthesis of 5 
from 7c By stirnng 15a-d with sodium penodate in methanol a smooth elimination was observed 
in all cases to afford the corresponding tncyclodecadienones 18a-d in yields ot ca 80% (Scheme 
8) 
И 
SePh 
'"*' R 
Scheme 8 
N a l 0 4 MeOH S°C 
15 18 a 
b 
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4.4 The preparation of exo-o-methoxyO^-epoxy-ewrfo-tricyclofS^.l.O^ldecenorie 
The successful synthesis ot norbornenc-annulated cyclopentenones 5 and 18 was a reason to 
consider this methodology for the preparation ol norbornene-annulatcd cyclopentenone epoxide 
22 (Scheme 9) Cyclopentenone epoxide 22 is a fascinating compound lor which an unusual 
chemical reactivity is expected on basis ol the unique combination ol an epoxide ring, a vinyl 
system and a ketone function within in a compact, small ring system In recent papers, a first 
general synthesis of some simply substituted cyclopcntadienone epoxides and their reactions with 
nucleophihc reagents was reported12 The synthetic potential of these epoxides for natural product 
synthesis was demonstrated by the preparation ot е/л-penienomycin" n 
A direct route to 22 would be the regioselective epoxidation of the enone moiety in tricyclic 
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bromide За to give epoxy bromide 21 lollowed by dehydrobromination However, attempts to 
obtain 21 by alkaline epoxidation of tricyclic bromide 3a using standard methods did not give 
satisfactory results Epoxide 21 was obtained in only 40% yield due to the base sensitivity of 
bromide 3a As oxidation of selenium by hydrogen peroxide is a tast process we did not try such 
an epoxidation lor 3c 
An alternative route to epoxy bromide 21 starts Irom tricyclic epoxide ester 19 which is 
produced from ester 2b in more than 90^ yield by alkaline epoxidationlfe (Scheme 9) Basic 
Scheme 9 
COOEt 
/L^-~J\ HpOo OH 
^ — ' 
1 (COCI)2 DMF 
2 NaON 
S' 
2b 
КОН CH3OH 
21 22 
O C H , 
23 
hydrolysis using sodium hydroxide in methanol afforded epoxy acid 20 in quantitative yield 
Barton halodecarboxylation of 20 using essentially the same procedure as described earlier tor the 
synthesis ol 7b, gave 21 in 84% yield Applying tnethylaminc as the base to effect 
dehydrobronnnaiion ol 21 under a variety of conditions led only to complex mixtures No 
cyclopentadienone epoxide 22 was detected among the products When a more nucleophilic 
reagent was applied, such as potassium hydroxide in methanol, a methoxy substituted epoxide 
was isolated in 71% yield Again there were no indications of the presence oí 22 in the reaction 
mixture showing that this annulated cyclopentadienone epoxide is apparently too reactive lo be 
isolated under these nucleophilic conditions Analysis ol the 'HNMR spectra suggested structure 
23 lor the newly formed epoxy ketone This formation ol the endo 6-methoxy-exo-incyclo 
decenonc epoxide from еш-6-bromo endo incyclodecenonc epoxide 21 proves the intermediacy 
of norbornene-annulated cyclopentenone epoxide 22 which under the reaction conditions rapidly 
undergoes stereospecilic coniugate addition of methanol at its endo-(ace In the preceding 
chapter, it was reported that methanol addition to norbornene annulated cyclopentadienone 4 is 
also a siereospecific process to give exclusively exo 6 methoxy-enc/o-lncyclodecenone 24 
(Scheme 10)4 This observation shows that in 4 the methylene bridge exerts less steric hindrance 
to the incoming nucleophile than the Cg-C9 ethylene bridge The complete inversion ot 
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4 24 25 
stereochemistry observed for the mcthoxylation to epoxide 22 illustrates the subtlety of this 
'bridge effect' on the facial stereoselectivity of conjugate addition reactions to these 
tricyclodecadienones. The presence of a relative small epoxide function at the exo-laec as in 22 
exerts enough steric bulk to completely outweigh the directing effect of the bridges. 
Unambiguous proof for the correctness of structure 23 was obtained from the alkaline 
epoxidation of 244 which gave «o-ö-methoxy-évii/o-lncyclodecadienone epoxide 25 in almost 
quantitative yield (Scheme 10). This epoxide was not identical with tricyclic epoxide 23. 
The results described above indicate that the synthesis of norbomene annulated 
cyclopenlenones including parent tncycIodcca-2(6),8-dien-3-one 5 can be accomplished starting 
from readily available carboxylic acid 2a. 
4.5 Experimental section 
General remarks 
Melting points were measured with a Reichert Thermopan microscope and are uncorrected. IR 
spectra were recorded on a Perkin-Elmer 298 infrared spectrophotometei. Ή and nC-NMR 
spectra were recorded on a Bruker AM-400 spectrophotometer, using TMS as an internal 
standard. For mass spectra a double focussing VG 7070E mass spectrometer was used. Capillary 
GC analyses were performed using a Hewlett-Packard 5890A gas Chromatograph, containing a 
cross-linked methyl silicone column (25m). Flash chromatography were carried out at a pressure 
of ca. 1.5 bar, a column length of 15-25 cm and a column diameter of 1-4 cm, using Merck 
Kieselgel 60H. Elemental analyses were performed on a Carlo Erba Instruments CHNS-O 1108 
Elemental analyzer. All solvents used were dried and distilled following standard procedures. 
6-Bromo-e.náo-tricyclol5.2.1 .Q2 6Ideca-8-en-3-one 7b 
A solution of acid Ц (192 mg, 1 mmole) in ben/ene (5 ml) was treated with oxalyl chloride (0.3 
ml) and a drop of dimethylformamide. After stirring for 2 hrs al room temp, with protection from 
moisture, the solvent and excess oxalyl chloride were evaporated and the residual acid chloride 
was used as such. 
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A solution of acid chloride (1 mmole) in benzene (5 ml) was added dropwise (15 min ) lo a dried, 
stirred suspension ol N-hydroxypyridin-2-ihione sodium salt (190 mg, 1 2 mmole) in refluxing 
bromoinchloromethane while irradiating with a 250 w tungsten lamp in an inert atmosphere 
After completion ol the addition, the reaction mixture was cooled to room temp and evaporated 
to dryness The crude product was purified by flash chromatography over silica gel to give pure 
7b (200 mg, 90 %) as a colorless oil 
7_b Ή NMR (400 ΜΗ?, CDC13) δ 6 25 6 20 (m. 2Н, Н„ and Н9), 3 41 (brs, IH, H, or H7), 3 32 
(d,J]2=4 5Hz, IH, Н2), 3 25 (brs, IH, H, or Н7), 2 73-2 65, 2 61-2 52, 2 35-2 25 and 2 15-1 91 (4 
χ m, 4Η, Н4 and H,), 2 26 A of AB (d, J 1 0 l 10s=8 9 Hz, IH, H10b), 1 91 В A ol AB (d, J 1 0 a 10s=8 9 
Hz, IH, H10a) 13C-NMR (100 MHz, H dec, CDCl,) δ 216 5 (quat ), 138 0/134 5 (tert ), 71 1 
(quai ), 66 0/57 9 (ieri ), 52 7 (sec ), 47 0 (lert ), 41 8/37 4 (sec ) IR (CH2C12) ν 3100-3020 
(C-Η, unsat), 3010-2820 (C-H, sal), 1730 (C=0) cm ' CI/MS m/e (%) 229/227 (0 1/0 1, 
M++l), 163/161 (12/13, M++1-Br), 147 (12, М+-С,Н6), 66 (29, С5Нб+) EI/HRMS m/e 227 0071 
[cale torC1 0H1 207 9Br(M++l) 227 00721 
6 Phemlselen\l-endo-mLìclol5 2 1 Ü26ldeta-8-en 3 one 7c 
A solution ol acid Ц (192 mg, 1 mmole) in benzene (5 ml) was treated with oxalyl chloride (0 3 
ml) and a drop ot dimethyltormamide After stirring lor 2 hrs at room lemp with protection I rom 
moisture, the solvent and excess oxalyl chloride were evaporated and the residual acid chloride 
was used as such 
A solution ol acid chloride (1 mmole) in toluene (5 ml) was added dropwise (15 min ) to a dned, 
stirred suspension of N-hydroxypyndin-2 ihione sodium sail (190 mg, 1 2 mmole) in refluxing 
toluene (10 ml) containing 2 mmol of diphenyl diselenide while irradiating with a 250 w tungsten 
lamp in an inert atmosphere After completion ol the addition, the reaction was cooled lo room 
temp and evaporated to dryness The crude product was purified by flash chromatography 
(n-hexane/EtOAc =9/1) over silica gel lo give pure 7c (260 mg, 84 %) as a white solid 
7ç m ρ 101 103 °C (dusopropyl ether) 'H-NMR (400 MHz, CDC1,) δ 7 68-7 32 (m, 5H, 
Ph-H), 6 20-6 16 (m, 2H, Н8 and Н9), 3 24 and 3 19 (2 χ brs, 2H, Hl and H7), 2 91 (d, J, 2=4 5 Hz, 
Ш, H2), 2 46 2 26 (m, 2H, H4), 2 24 A oi AB (d, J10a,ios=8 7 Hz, IH, H10b), 2 08-2 00 and 
1 94-1 76 (2 χ m, 2H, H5), 1 77 В A of AB (d, J 1 0 j 10s=8 7 Hz, IH, H10a) 13C-NMR (100 MHz, 
Η dec, CDCI3) δ 218 5 (quat), 137 0/136 6/135 9/129 2 (tert), 128 9 (quat), 128 7/62 4 (tert), 
58 0 (quat ), 53 8 (tert ), 52 4 (sec ), 47 0 (ten ), 41 5/33 3 (sec ) IR (CH2C12) ν 3100-3020 (C-H, 
unsat), 3010-2820 (C-Η, sat), 1725 (C=()) cm ' CI/MS m/e (%) 304 (0 5, M+), 238 (44, 
M+-C5H6), 66 (10, C,Hn+) EI/HRMS m/c 304 0366 [cale lor C16H16O80Sc(M+) 304 0366J 
enáo-Triciclo¡5 2 J 026¡deca 2(6),8-dien 3 one 5 and endo and exo rncyclol5 2 1 026ldeia 
4,8-dien 3 one 1 and 13IS 
A solution ol 7_b (60 mg) in methanol (8 ml) and El^ N (2 ml) was refluxed for 30 min Removal 
ot the solvent followed by dissolution ot the residue in n-hexanc/ethyl acetate (3/1) and 
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subsequent filtration gave, after drying (MgS04) and concentration, a mixture (40 mg) of 5, 1 and 
13 in 12 4 1 ratio (according to GC and NMR) Pure 5 was obtained by flash chromatography 
(n-hexane /ElOAc = 6 /1 ) 
5: LH-NMR (400 MHz, CDC13) δ 6 88 A ot AB (dd, J 8 9=5 0 Hz, J, 9 resp J 7 8 =3 2 Hz, IH, H8 or 
H9),6 79B of AB (dd, J g 9 =5 0Hz, J 1 9 resp J 7 8=3 3Hz, IH, H8 or H9), 3 76 and 3 61 (2 χ brs, 
2H, H, and H7), 2 84-2 50 (m, 4H, H4 and H5), 2 47 and 2 39 AB χ 2 (2 χ d, J 1 0 s 10a=6 8 Η/, 2H, 
H10) 13C-NMR (100 MHz, CDCI3) δ 203 2/199 4/159 4 (qudt ), 144 6/141 6 (tert ), 74 6 (sec ), 
51 1/44 9 (tert), 41 2/26 3 (sec) IR (CH2C12) υ 3010-2860 (C-Η, sat), 1675 (C=0) cm ' 
ΕΙ/MS m/e (%) 146 (100, M+), 66 (21, C5H6+) EI/HRMS m/e 146 0732 [cale ior 
C10H10O(M+) 146 0732]. 
1 ^-NMR (400 MHz, CDCI3) δ 7 38 (dd, J4 5=5 1 Hz, J5 6=2 6 Hz, IH, H5), 5 96 (d, J4 ,=5 7 
Hz, IH, H4), 5 94 A of AB (dd, J8 9=5 6 Hz, il 9 resp J7 8=2 9 Hz, IH, H8 or H9), 5 78 В oí AB 
(dd, J89=5 6 Hz, J; 9 resp J78=3 0 Hz, IH, H8 or H9), 3 42 and 3 22 and 2 97 (3 χ brs, 3H, H,, H0 
and H7), 2 80 (dd, J 1 2 = J 2 6=5 1 Hz, IH, H2), 1 74 and 1 63 AB χ 2 (2 χ d, J 1 0 a l 0 s =8 4 H/, 2H, 
Н
Ш а
 and H10s) GCEI/MS m/e (%) 146 (84, M+), 118 (33, M+-CO), 81 (13, M++1-C,H6), 66 
(100,C5H6+) 
13 Ή NMR (400 MHz, CDCI3) δ 7 57 (dd, J4 ,=5 7 Hz, J5 6=2 6 Hz, 1 H, Hs), 6 29 A of AB (dd, 
J 8 9 =5 5Hz,J 1 9 resp J 7 g =3 1 Hz, IH, H8 or H9), 6 27 (dd, J 4 5=5 7 Hz, J 4 6 =l 5 Hz, 1H,H4), 6 22 
В of AB (dd, J 8 9 =5 5 Hz, J, 9 resp J 7 8=3 0 Hz, IH, H8 or H4), 2 93 (brs, IH, H,), 2 87 (brs, IH, 
H6), 2 72 (brs, IH, H7), 2 27 (d, J2 6=5 0 Hz, IH, H2), I 41 (dl, Ja b=9 4 Hz, J=l 5 H/, IH, H 1 0 a or 
H1 0 s), 1 30 (d, IH, H 1 0 a or H10s) GCEI/MS m/e (%) 146 (64, M+), 118 (19, M+-CO), 81 (7, 
M++1-C5H6),66(100,C5H6+) 
endo-Tricyclol5 2 I 026]deca-2(6),8-dien-3-one 5 by oxidative élimination of le 
A solution of 7ç (180 mg, 0 6 mmol) in methanol (30 ml) was treated with a solution ot sodium 
periodate (180 mg in 2 ml H20) at ca 5 UC (ice water) with stirring Alter 20 min , the solution 
was filtered and the remaining solid washed with ethyl acetate The combined organic phases 
were evaporated and subjected to flash chromatography (n-hexane /EtOAc = 4/1) to give pure S 
(65 mg, 75 %) as a colorless oil 
Rearrangement of S to 1 and 13 
A solution of 5 (30 mg) in THF (I ml) was treated with DBU (5 drops) and stirred at room temp 
for 3 days The reaction mixture was poured into ether (50 ml) and washed with bnne Drying 
(NaS04) and concentration gave a product mixture (30 mg) GC (comparison with known 
compounds 1 and 13) showed that starting material 5 had disappeared and rearranged 
quantitatively to a mixture ot 1 and 13 in a 8 3 ratio Further evidence tor the formation ol 1 and 
13 was obtained from 'H-NMR and GC-MS analyses 
General pro с e dui e A foi cupi ate addition to Зс 
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A solution of RLi (ca 1 5 mmol) in hexane was gradually added to a suspension of dry Cui (200 
mg, 1 mmol) in dry ether at temp below 0 °C (ice-salt) in a nitrogen atmosphere Alter stirring 
tor 15 min at this temp , the mixture was cooled to -78 °C A solution of 3c (0 5 mmol) in ether 
was then added The mixture was stirred at 78 °C until the reaction was complete according to 
TLC (ca 10 min ), then quenched with aqueous ammonium chloride and the aqueous phase 
extracted with ether (3x) The combined organic phases were washed with water (3x), dried 
(Na2S04) and the solvent evaporated under reduced pressure Analytical samples were obtained 
by flash chromatography and/or crystallization 
endo 5-Methvl-exo-6 phen\lselenyl endo-rncvc/o/5 2 / 026]deca-8 en 3 one 15a 
Following the general procedure A [MeLi (1 ml ol 1 6 M solution in hexane, 1 6 mmol). Cul (200 
mg, 1 mmol), 3ç (150 mg, 0 5 mmol)], gave, after work up and flash chromatography (n-hexane 
/EtOAc= 20/1 ), 140 mg (89 %) of 15a as a white solid 
15a m ρ 61-62 °C (diisopropylether) 'H-NMR (400 MH/, CDC13) δ 7 66- 7 29 (m, 5H, Ph-H), 
6 31 A of AB (dd, J 8 9=5 6Hz, J 1 9resp J7 8=3 0Hz IH, H8 or H9), 6 12 В ol AB (dd, J 8 9=5 6 
Hz, Ji
 9 resp J7 8=2 9 Hz, IH, H8 or H9), 3 27 and 3 12 (2 χ brs, 3H, Hlt H2 and H7), 2 81-2 71 (m, 
IH, H,). 2 39 A ot AB (d, J 1 0 d s=8 6H7, IH, H10s), 2 08 A of AB (dd, J 4 x 4 n=18 4 Hz, J 4 x 5 =9 5 
Hz, IH, H4x), 1 78 В of AB (dd, J4 x 4 [ 1=18 4 H/, J 4 n ,= 12 5 Hz, H4n), 1 76 В ot AB (d, J 1 0 j s=8 6 
Hz, IH, H,0a), 0 98 (d, 3H, CH3) nC-NMR (100 MHz, CDC13) δ 218 8 (quat ), 
137 7/137 5/136 0/129 2/129 1 (ieri), 128 2/63 6 (quat ), 62 8 (tert ), 53 4 (sec), 52 4 (tert ). 49 4 
(sec ), 48 3 (tert ), 39 7 (ieri ), 14 6 (prim ) IR (CH2C12) υ 3080-3020 (C-Η, unsat ), 3010 2860 
(C-Η, sat), 1730 (C=0) cm 1 EI/MS m/e (%) 318 (9, M+), 252 (77, M+-C5H6), 161 (45, 
M+-SePh), 133 (59, M+-SePh CO), 95 (100, M+-SePh-C5H6), 66 (53, C,H6+) El/HRMS m/e 
318 0524 [cale tor C17H18O80Se (M+) 318 0523] 
endo 5-/і-Дкгу/-ехо 6 phen\lseleml endo tnc\LÌof52 1 026ldeca-S-en-3-one 15b 
Following the general procedure A [n-BuLi (1 mi ot 1 6 M solution in hexane, 1 6 mmol), Cui 
(200 mg, 1 mmol), 3ç (150 mg, 0 5 mmol)], gave, after work-up and flash chromatography 
(n-hcxane /EtOAc= 20/1), 155 mg (86 '7, ) ot 15b 
15b 'H-NMR (400 MHz, CDC13) δ 7 66 7 29 (m, 5H, Ph-H), 6 27 A of AB (dd, J 8 9 =5 6 Hz, 
J 1 9rcsp J 7 8 =3 1 Hz, IH, HgOrHg), 6 09 В ol AB (dd, J 8 9=5 6 Hz, J, 9 resp J 7 8=2 9H/, IH, H8 
or H9), 3 25 and 3 14 (2 χ brs, 2H, H[ and H7), 3 11 (d, J, 2=4 9 Hz, IH, H2), 2 63-2 55 (m, IH, 
H5), 2 37 Aol AB (d, J 1 0 d S=8 6 Hz, IH, H10s) 2 11 A of AB (dd, J 4 x 4 n=18 4 Hz, J 4 x 5 =9 5 Hz, 
IH, H4x), 1 70 Boi AB (dd, J4 x 4 n=18 4 Hz, J4nS=12 0Hz, IH, H4n), 1 75 В ot AB (d, J 1 0 a 4=8 6 
Hz, IH, H1 0 a), 1 58-1 00 (m, 6H, (CH2)3-), 0 84 (l, 3H, CH3) '3C-NMR (100 MHz, CDC1,) δ 
218 7 (quat), 137 7/137 2/136 2/129 1 (terl ), 128 2/63 2 (quat), 62 5 (tert), 53 3 (sec), 52 6 
(ten ), 48 0 (tert ), 47 7 (sec ), 45 4 (terl ), 31 1/30 3/22 7 (sec), 14 0 (prim ) IR (CH2C12) υ 
3080-3020 (C-Η, unsat ), 3010-2860 (C H, sat ), 1720 (C=0) cm ' ΕΙ/MS m/e (%) 360 (3, M+), 
294 (100, M+-C5H6), 203 (55, M+-SePh), 175 (37, M+-SePh-CO), 137 (68, M+-SePh-C5H6), 66 
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(51,C,H6+) EI/HRMSm/e 360 0991 [cale lor C2üH24O80Se (М+) 160 0992J 
endo-5-Г-Дип/ exo-o" phen\lselen\l endo mnclol5 2 1 026]deca 8 en 3 one 15c 
Following the general procedure A [t-BuLi (1 ml ol I 6 M solution in hexane, 1 6 mmol), Cul 
(200 mg, 1 mmol), 3ç (150 mg, 0 5 mmol)], gave, alter work up and Hash chromatography 
(n-hexane /EtOAc= 20/1), 45 mg (25 %) ot 15c 
15c 'H-NMR (400 MHz, CDC13) δ 7 66 7 29 (m, 5H, Ph-H), 6 36 A ol AB (dd, J 8 9=5 6 Hz, 
J 1 9 resp J 7 8 =3 0 Hz, IH, H8 or H9), 6 13 В ol AB (dd, J 8 9=5 6Hz, J 1 9resp J 7 8=2 9Hz, IH, H8 
or H9), 3 34 (brs, IH, Hi or H7), 3 18 (d, J! 2=5 1 Hz, IH, H2), 3 12 (brs, IH, ^ or H7), 2 77 (dd, 
J4 n 5=12 9 Hz, J4 x 5=10 3 Hz, IH, H5), 2 63 A of AB (d, J 1 0 a 5 =«6 Hz, IH, H10<), 1 97 (d, 
J= 4 x 510 3 Hz, IH, H4x), 1 96 (d, J 4 n ,= 12 9 Hz, IH, H4n), 1 79 В of AB (d, J1(>J,=8 6 Hz, IH, 
H1 0 a), 1 13 (s, 9H, CH3) nC-NMR(100MHz,CDCl,) 52187(quat) 137 7/137 I (ten ), 129 5 
(quat ), 129 3/129 0 (ten ), 62 8 (quat ), 62 2 (ten ), 54 8 (sec ), 54 1/53 6/46 8 (tert ), 44 6 (sec ), 
33 7 (quat ), 45 4 (ten ), 30 7 (prim ) IR (CH2C12) υ 3080-3020 (C-Η, unsat ), 3010-2860 (C-H, 
sat ), 1720 (C=0) cm ' ΕΙ/MS m/e (%) 360 (4, M+), 294 (7, M+ C,H6) 203 (66, M+-SePh), 137 
(35, M+-SePh-C5H6), 66 (11, C,H6+) EI/HRMS m/e 360 0991 feale lor C20H24O80Se (M+) 
360 0992] 
enáo-5-Phenvl exo-o" phenvlselen\l endo merchi5 2 1 ϋ26ideai 8 en 3 one 15d and exo 3 
phenyl-6-phenylselen\l-endo-riIC\LIO¡5 2 1 ü26¡detu 4,8 dien 7 ol 
Following the general procedure A [PhLi (1 5 ml of 2 M solution in hexane, 3 mmol), Cul (200 
mg, 1 mmol), 3ç (150 mg, 0 5 mmol)], gave, after work up and flash chromatography (n-hexane 
/EtOAc=20/l), 170 mg (89 %) of a mixture of 15d and 1,2-product in 4 1 ratio 
15d JH-NMR (400 MHz, CDC1,) δ 7 66- 7 29 (m, Ph H) 6 05 A ot AB (dd, J 8 9=5 6 Hz, J, 9 
resp J 7 8 =2 9 Hz, IH, H8 or H9), 5 69 В ot AB (dd, J8 9=5 6 H/, J, 9 resp J 7 8=3 2 H/, IH, Hg or 
H9), 3 99 (dd, J=9 5 Hz, J=12 1 H/, IH, H<¡), 3 42 (d, Ji 2=3 61 Hz, IH, H2), 3 30 and 3 02 (2 χ 
brs, 2H, H^ndH?), 2 54 A of AB (dd, J4 x 4 n=18 1 Hz, J4 x 5=12 1 Hz, IH, H4x), 2 35 A of AB (d, 
J 1 0 a s =8 6 Hz, IH, H,0s), 2 25 В ot AB (dd, J4 x 4 n=18 1 Hz, J4ll ,=9 5 Hz, IH, H4n), 1 63 В ol AB 
(d,J 1 0 j s =8 6Hz, 1Н,НШа) 
1,2-product 'H-NMR (400 MH/, CDC1,) δ 7 66 7 29 (m, Ph-H), 6 31 A ot AB (dd, J 8 9=5 4 
Hz,J 1 9resp J7 8=2 9 Hz, IH, H8 or H9), 5 91 Bof AB (dd, J g 9 =5 4 Hz, J 1 9 resp J 7 8=3 4Hz, IH 
H8 or H9), 5 77 and 5 56 AB (2 χ d, J 4 5=5 5 Hz, 2H, Н4 and Hs), 3 15 and 3 05 (2 χ brs, 2H, Η, 
and Η7), 2 97 (d, J, 2=4 1 Hz, IH, H2), 2 21 A ot AB (d, J 1 0 a s =8 5 H/, IH, H1 0 s), 1 77 В ol AB (d, 
J 1 0 a s =8 5 Hz, IH, H1 0 a), 1 61 (s, IH, OH) 
Geneial procedine В for the s^nthem of 18 b\ oxidative elimination ot 15 
A solution ot 15 (100 mg, 0 3 mmol) in methanol (5 ml) was treated with a solution ot sodium 
periodate (100 mg, 0 5 mmol in 1 ml water) at ca 5 °C (ice water) with stirring Alter 20 mm 
the solid was filtered and washed with ethyl acetate The combined organic phases were 
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evaporated and puntied by chromatography 
5-enào-Merfol-titL\Llof5 2 J 026ldeca 2(618 en-3 one 18a 
Following the general procedure В and applying 15a gave, alter flash chromatography (n-hexane 
/EtOAc = 4/1), pure 18a (4Ü mg, 82 %) as a colorless oil 
18a 'H-NMR (400 МНг, CDC13) δ 6 88 A ol AB (dd, J8 9=4 9 Hz, J! 9 resp J7 8=3 2 Hz, IH, H8 
or H9), 6 77 В of AB (dd, J8 9=4 9 H/, Jl 9 resp J7 8=3 3 Hz, IH, H8 or H9), 3 74 and 3 59 (2 χ brs, 
2H, H, andH7), 3 17-3 10 (m, IH, H5), 2 99 A ot AB (dd, J4 x n=18 0 H/, J 4 x 5 =5 7 Hz, IH, H4x), 
2 44 and 2 37 AB χ 2 (2 χ d, J 1 0 s ] ( ) j=6 7 H/, 2H, H10), 2 20 В ot AB (d, J4 x n=18 0 Hz, IH, H4n), 
106 (d, J=7 2 Hz, 3H, CH3) nC-NMR (100 MHz, CDC13) δ 206 9/198 9/158 5 (quat ), 
144 8/1416 (tert). 74 1/49 9 (sec), 49 9/45 0/33 3 (ten), 17 4 (pnm ) IR (CH2CI2) υ 
3010-2860 (С Η, sat ), 1675 (C=0) cm ' ΕΙ/MS m/e (%) 160 (64, M+), 105 (100, ), 94 (29, 
M+-C,H6), 66(41, C,H6+) EI/HRMSm/e 160 0888 [cale tor CnH 1 20(M+) 160 0882] 
5-endo-n Butyl rnt\clof5 2 I 0261(іеса 2(6)Л en 3-one 18b 
Following the general procedure В and applying 15b gave, alter Hash chromatography (n-hexane 
/EtOAc = 4/1), pure 18b (44 mg 81 %) as a colorless oil 
18b 'H-NMR (400 MHz, CDC13) δ 6 82 A ot AB (dd, J8 9=4 9 Hz, J, 9 resp J 7 8 =3 1 Hz, IH, H8 
or H9), 6 68 В ol AB (dd, J 8 9 =4 9 Hz, J, 9 resp J 7 8=3 2 Hz, IH, H8 or H9), 3 66 and 3 54 (2 χ brs, 
2H, H, and H7), 3 0-2 95 (m, IH, H5), 2 82 A ol AB (dd, J 4 x n =l8 0 Hz, J 4 x 5 resp J 4 n 5 =5 7 Hz, 
IH, H4x or H4n), 2 37 and 2 30 AB χ 2 (2 χ d, J 1 0 s 10a=6 7 H/, 2H, H10), 2 21 В of AB (d, 
J4 x n=18 0Hz, IH, H 4 x orH 4 n ), 143 (m, IH, one of CH2CH2CH2CH3), 129 1 14 (m, 5H), 0 82 (d 
J=7 0 Hz, 3H, CH3) 13C-NMR (100 MHz, CDC1,) δ 206 0/198 9/158 9 (quat), 144 8/141 6 
(tert ), 74 6 (sec ), 50 6 (tert ), 48 0 (sec ), 44 8/39 0 (ten ), 32 5/29 7/22 6 (sec ), 13 9 (pnm ) IR 
(CH2C12) υ 3010-2860 (C-Η, sat ), 1670 (C=0) cm ' ΕΙ/MS m/e (%) 202 (27, M+), 91 (100, ), 
66(17,C,H6+) EI/HRMSm/e 202 1357 [cale lorC l 4H1 80(M+) 202 1358] 
5-endo t Bunl mt\clo¡5 2 I 026i(leca 2(6),H en 3 one 18c 
Following the general procedure В and applying 15c gave, after flash chromatography (n-hcxane 
/EtOAc = 6/1), pure 18c (30 mg 76 %) as a white solid 
18ç m ρ 63 5-65 5 °C (diisopiopyl ether) 'H-NMR (400 MHz, CDC1,) δ 6 87 A of AB (dd, 
J 8 9=5 0Hz, J 1 9resp J 7 8 =3 1 Hz, IH, H8 or H9), 6 81 В ot AB (dd, J 8 9=5 0 Hz, J, 9 resp J 7 8=3 1 
Hz, IH, H8 or H9), 3 73 and 3 69 (2 χ brs, 2H, H, and H7), 2 92 (d, J 4 x 5 resp J4n ,=5 8 Η/, IH, 
H5), 2 72 A of AB (dd, J4 x n=18 2 Hz, J4 x 5 resp J4n ,=5 9 Hz, 1H, H4 x or H4n), 2 44 В of AB (dd, 
J4 x n=18 2 Hz, IH, H4 x or H4n), 2 45 and 2 37 AB χ 2 (2 χ d, J 1 0 s 1 0 a=6 8 Hz, 2H, H10), 0 87 Is, 9H, 
C(CH,)3] 13C-NMR (100 MHz, CDC13) δ 204 1/199 0/160 2 (quat ), 144 2/141 2 (ten ), 75 6 
(sec ), 52 8/50 6/44 6 (tert ), 44 5 (sec ), 34 4 (quat ), 27 9 (pnm ) IR (CH2C12) υ 3010-2860 
(C-Η, sat ), 1670 (C=0) cm ' ΕΙ/MS m/e ('/<) 203 (26, M++l), 146 (100, M++l-CMe3), 66 (5, 
C5H6
+), 57 (56, CMe3+) EI/HRMS m/e 203 1435 [cale forC14H190(M++l) 203 1436] 
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5-enào-Phenyl-tiic\clof52 I О26¡deca 2(6),8 en 3 one 18d 
Following the general procedure В and applying 15d (150 mg, purity is 80%) gave, after Hash 
chromatography (n-hexane /ElOAc = 4/1), pure !8d (43 mg, 90 %) as a white solid 
18d m ρ 107-109 °C (dusopropyl ether) Ή NMR (400 MHz, CDC13) δ 7 11 6 88 (2 χ m, 5Η, 
Ph-H), 6 86 A of AB (dd, JH9=5 0 Hz, il 9 resp J 7 8=3 1 Hz, IH, H8 or Hy), 6 36 В oí AB (dd, 
Jg9=5 0 Hz, J, 9 resp J78=3 3 Hz, IH, H8 or H9), 4 25 (dd, J=6 3 H/, J=l 7 Hz, IH, H5), 3 85 and 
3 39 (2 χ brs, 2H, H[ and H7), 3 28 A ot AB (dd, J= 18 2 Hz J=6 3 Hz, IH, one of H4), 2 58 В of 
AB (dd, J=18 2 Hz, J=l 7 Hz, IH, one of of H4), 2 44 (s, 2Н, Н,0) ''C-NMR (100 MHz, CDC13) 
δ 203 6/198 7/158 9 (quat ), 142 8/142 5 (ten ), 139 9 (quai ), 128 8/127 6/127 0 (ten ), 74 4/51 8 
(sec ), 50 3/45 2/44 7 (tert ) IR (CH2C12) υ 3010-2860 (С-Н, sat ), 1680 (C=0) cm ' El/MS 
m/e (%) 222 (100, M+), 156 (7, М+-С5Н6), 66 (5, С,Н6+) EI/HRMS m/e 222 1044 [cale tor 
С1 6Н1 40(М+) 222 10451 
его 3,4-Epoxy-endo tncyclo[5 2 1 О26 ¡deca S en 5 one 2-caiboxylic acid И) 
Ester 19 (1 2g, 5mmol) in a solution ol NaOH in methanol (10%, 15ml) was stirred al room temp 
for 5 hrs The mixture was neutralized and concentrated to dryness Water (20ml) was added, 
followed by extraction with ethyl acetate (3x), then the extracts were washed with water and 
brine, and dried (Na2S04) Concentration in vacuo gave 20 (lg, -100% ) as a while solid 
20 m ρ 144 5-146 5°C (diisopropylelher/EtOAc) 'H NMR (400 MHz, CDC13) δ 10 5 (bs, IH 
COOH), 6 24 A of AB (dd, J 8 y =5 6 Hz, J, 9 resp J 7 8=3 1 H/, IH, H8 or H9) 6 19 В ot AB (dd, 
J 8 9 =5 6Hz, J, 9 resp J 7 8=2 8Hz, IH, H8 or H9), 3 89 (dd, J 3 4=2 2 Hz, J 4 f = 1 8 Hz, IH, H4), 3 40 
(bs, IH, H[ or H7), 3 37 (bs, IH, H, or H7), 3 34 (d, J 3 4=2 2 Hz, IH, H<¡), 2 25 (dd, J67=4 8 Hz, 
J46=l 8 Hz, IH, H6), 1 87 A ot AB (d J10ü 1(K=9 1 Hz, IH, H10s) I 64 В ot AB (d J I O j 1 0 s=9 I 
Hz, IH, H 1 0 j) IR (CH2CI2) υ 3600-2300 (COOH), 3100-3020 (C-Η, unsat ), 3010-2820 (C-H, 
sat), 1740 and 1705 (C=0) cm ' El/MS m/e ('/,) 206 (2, M+), 161 (1 M+ Cü2H), 141 (72 
М
++1-С,Н6), 66 (93, CSH6+) EI/HRMS m/e 206 0580 [cale lor C]1HI()Ü4(M+) 256 0579] 
Found С 64 08, Η 4 81 (cale lor С
и
Н 1 0 О 4 С 64 08, Η 4 89) 
exo-6-Biomo-exQ 4,5 epox\-cndo ntc\clo[52 1 02ЛІ<іеса 8 en-3-one 21 
A solution of acid 20 (208 mg, 1 mmole) in benzene (5 ml) was treated with oxalyl chloride (0 3 
ml) and a drop of dimclhylformamide After stirring lor 2 hrs at room temp with protection trom 
moisture, the solvent and excess oxalyl chloride were evaporated and the residual acid chloride 
was used as such 
A solution of acid chlonde (1 mmole) in benzene (5 ml) was added dropwise (15 min ) lo a dried, 
stirred suspension of N-hydroxypyridin-2-ihione sodium salt (190 mg, 1 2 mmole) in refluxing 
bromolnchloromcthane while irradiating with a 250 w tungsten lamp in an inert atmospheie 
After completion of the addition, the reaction mixture was cooled to room temp and evaporated 
to dryness The crude product was purified by flash chromatography (n-hexane/EtOAc = 9/1) to 
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give 21 (220 mg, 91%) as a white solid 
21 m p= 109 "C, decomposition (ether) Ή-NMR (400 MHz, CDC13) δ 6 17-6 12 (m, 2H, H8 
and Н9), 3 81 (dd,J4 5=2 0Hz, J 2 4 = 1 6 H/, IH, H4), 3 57 (d, J 4 5=2 0 Hz, IH, H5), 3 43 and 3 30 
(brs, 2H, H, and H7), 3 05 (dd, J, 2=4 8 Hz, J 2 4 =l 6 Hz, IH, H2), 2 30 A ol AB (d, J 1 0 a IÜS=9 2 
Hz, IH, H10s), 1 95 В ot AB (dl, J 1 0 a iOs= 9 2 H z - 1 H - Hio.) I R (CH2C12) υ 3100-3020 (C-H 
unsal ), 3010 2820 (C-Η, sat ), 1740 (C=0) cm ' CI/MS m/e (%) 242 (0 33) and 240 (0 35) 
(M++l), 177 (13) and 175 (13) (M++l C5H6), 66 (100 C5H6+) CI/HRMS m/e 239 9786 
[cale for C10H9O279Br(M+) 239 97861 
endo 4,5 EpoKv endo 6 methoxy cxo-fncKfo/52 1 026]deta 8-en 3 one 23 
Crystalline bromide 21 (120 mg, 0 5 mmol) was added to a solution ol KOH (20%, 10ml) in 
methanol with stirring under cooling (ice water) Stirring was continued until crystalline 21 had 
dissolved The mixture was then neutralized and concentrated to dryness Water (10 ml) was 
added, the mixture extracted with ether (3x) The extracts were washed repeatedly with water and 
brine, dried (Na2S04) and concentrated m vacuo to give a viscous oil (95 mg) Subsequent flash 
chromatography (n hexanc/EtOAc =5/1) gave pure 23 (75mg 80%) as a colorless oil 
23 'H NMR (400 MHz, CDC13) δ 6 42 A of AB (dd, J8 9=5 6 Hz, J, 9 resp J 7 8 =3 1 Hz, IH. H8 
or H9), 6 25 В ol AB (dd J 8 9=5 6 Hz, J, 9 rcsp J7 8=2 9 Hz, IH, H8 or H9), 3 94 (d, J 4 5 =2 2 Hz, 
IH, H4), 3 49 (d, J 4 5=2 2 Hz, IH, Hs), 3 39 (s, 3H, OCH3), 3 28 and 3 04 (2 χ bs, 2H, H, and H7), 
2 28 A ol AB (d, J 1 0 j 1 ( x=9 3 H/ IH, H1(K), 2 16 (d, J2 10a=2 6 Hz, IH, H2), I 53 В ot AB (ddl, 
'loa .0s=9 1 Hz, J 1 0 a ,= J 1 0 j 7 = l 7 H/, J 1 0 a 2 =2 6 Hz, IH, H1 0 a, ) IR (CH2C12) υ 3100-3020 (С Η 
unsat), 3010 2820 (C-Η, sat), 1735 (C=0) cm 1 CI/MS m/e (%) 192 (0 3, M+), 161 (1, 
M+-OCH,), 127 (95, МЧ1 C,H6), 66 (100, C<¡H6+) EI/HRMS m/e 192 0789 [cak lor 
СцН^О^М*) 192 0786J 
exo 4,5 Epoxy exo-6 methox\-enáo-tiicytlol5 2 I 02 6]deta 8 en ? one 25 
A solution of 24_4 (100 mg, 0 57 mmol) in dichloromethanc (4 ml) and methanol (4 ml) was 
treated with NaOH aq (0 2 N, 2ml) and H202 (35%, 2 ml) at room temp The mixture was stirred 
for 4 hrs at room temp Dichloromethane (50 ml) was added and washed with brine Alter drying 
(NaS04) and concentration m \acuo, flash chromatography (n hcxane/EtOAc = 3/1) gave 25 
(lOOmg, 90%) 
25 'H-NMR (400 MHz, CDCI3) δ 6 12-6 10 (m, 2H, H8 and Н9), 3 76-3 75 (m, IH, H4), 3 54 (s, 
3H, OCH,), 3 39 (d, J4<¡=2 4 Hz, IH, H5). 3 21-3 19 (m, 2H, H, and H7), 2 57 (dd, J12=5 2 Hz, 
J24=l 7 Hz, IH, H2), 2 02 A ol AB (d Jl0,10s=8 7 Hz, IH, H10s), 1 78 В ol AB (dt, J 1 0 a 10b=8 7 
Hz, J I O l ,= J 1 0 a 7 = l 6 Hz, IH, HIOj) IR (CH2C12) υ 3100 3020 (C-Η, unsat ), 3010-2820 (С H, 
sat), 1730 (C=0) cm ' CI/MS m/c (9Í) 127 (100, M++l C<¡H6), 66 (100, C5H6+) CI/HRMS 
m/e 193 0865 [cale for CnH^OjíM*) 193 0865] 
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CHAPTER V 
FACIAL STEREOSELECTIVITY IN THE LITHIUM DIALKYLCUPRATE 
ADDITION TO FUNCTIONALIZED em/o-TRICYCLOtS.l.l.ö^lDECADIENONES* 
5.1 Introduction 
Tncydo[5 2 1 O2 6]decadicnones 1 have found widespread use in the synthesis ot naturally 
occurring cyclopentanoids1 The basic strategy underlying this approach is depicted in Scheme 1 
Chemical manipulation ot 1 followed by thermal or Lewis-acid mediated [4+2] cycloreversion 
produces tunctionahzed cyclopentanones 3 Owing to their endo structure, most chemical 
modifications of 1 occur in a highly stereoselective manner ultimately leading to cyclopentenones 
3 with a well-defined stereochemistry The availability of both antipodes ol 1 in enantiopure 
form, either by enzymatic resolution2 or asymmetric synthesis3 completes this strategy and makes 
it extremely useful for the enantioselectivc synthesis ot a variety ol natural products1 A 
Scheme 1 
chemical 
transformations 
Lewis acid mediated 
fr-
or thermal cyclo-
reversion 
Nucleophilic conjugate addition to the enone moiety in 1 has been studied tor parent 
endo-tncyclodecadienone 4a using a variety ot nucleophiles"5 6 Independent of the nature of the 
nucleophile complete diastereoselectivity is observed in all cases to give exo substituted 
tricyclodecenones 5a (Scheme 2) So tar no nucleophilic 1,4-additions to 4a have been reported 
involving the lormation ol endo-aáá\\\on product 6a This high stereoselectivity is the result ot 
effective shielding of the conca\e endo face in endo tncyclodecadienones 1 by the norbornene 
C8-Cy bridge which hampers nucleophilic attack at this face and therefore promotes attack at the 
exo-ідіСС ol the enone moiety In contrast to parent tricyclodecadienone 4a, conjugate additions of 
some selected organometdllics to tricyclic ester 4b were found to give mixtures of exo- and 
еяс/o-addition products 5_b and 6bs 6 With lithium dimethyl- and di-n-butylcuprates the 
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exo-addition products 5b (R= Me η-Bu) are still the predominant products but a considerable 
amount of endo products 6b (R= Me, η Bu) is also formed {exolendo ratio 4 1) With lithium 
diphenylcuprate the évjí/o-product 6b (R= Ph) is even the major addition product5 (ratio 5b/6b= 
1 2) These resulti indicate that the stereochemistry ot nucleophilic 1,4 additions to endo-íntyüo 
Scheme 2 
5a 
5b 
6a 
6b 
decadienones I is strongly affected by the substitution pattern at the exo face ol the molecule and 
the nature of the nucleophilic reagent The substantial dillerence observed lor the exolendo ratios 
in the addition of lithium dimethyl- and di-n-butylcuprates, and lithium diphenylcuprate to 4b 
indicates that besides stenc effects electronic factors may play a significant role in determining 
the product formation 
In Chapter III7, it was shown that tricyclic carboxylic acid 4c (X= COOH) can be 
conveniently converted into the corresponding 6 halides 4d (X= CI, Br, I), 6 alcohol 4e (X= OH), 
6-suIfides 4g (X= SMe) and 4h (X= SPh), and 6 selenides 4i (X= SePh) using the thiohydroxamic 
radical chemistry developed by Barton et al s 6 Methoxytncyclodecadienone 4f is readily 
obtained from bromide 4d by an elimination/addition reaction using potassium hydroxide in 
methanol7 Thus, a series of 6-substituled endo incyclodecenones is available in which 
substituents differ in the nature ot the hcieroatom As tncyclodecadienoncs 4 actually constitute 
γ substituted cyclopcntcnones constrained in a rigid tricyclic system, these structures have 
interesting prospects to investigate the electronic and stenc effect of γ substituents ol different 
stenc size and electronic nature on conjugate addition reactions to y-tunctionalized α,β enones 
In this chapter the first results on a comparative study ot the 1 4-addition of lithium 
dimethyl- and di-η butylcuprates to endo tncyclodecadienoncs 4 containing an ether thio oi 
selenoether function are described 
5.2 Results 
For the purpose of companson, the nucleophilic addition reactions involving 6-carboxylic 
ester 4b with both lithium dimethyl- and di-n-butylcupratc at -78°C were repeated In both cases 
the chemical yields were nearly quantitative with high exo stereoselectivity which was almost 
complete for the di-n-butylcuprate addition (Table 1) In comparison with the addition at 0 "C 
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earned oui earlier\ a considerable increase in stereoselectivity was observed at -78°C The 
R,CuLi 
•"" R 
Table 1 Diastereoselectivity ol 1,4-additions ot lithium dialkylcuprates to 4 
substrate 
4a 
4b 
4f 
4g 
4h 
4i 
4j a 
4k a 
X 
H 
C 0 2 E t 
OMe 
SMe 
SPh 
SePh 
S(0)Me 
S(0)Ph 
R2CuLi 
Me 
η Bu 
Me 
n-Bu 
Me 
n-Bu 
Me 
Me 
n-Bu 
Me 
n-Bu 
Me 
Me 
temp 
78 "C 
. 
o°c 
yield 
>90% 
>90% 
90% 
90% 
96% 
69% 
97% 
90% 
85% 
89% 
86% 
98% 
46% 
ratio(exo 5 / endo 6) 
100/-
100/-
86/14 
95/5 
21/77 
40/ 60 
-/100 
-/100 
4/96 
-/100 
-/100 
-/100 
-/100 
somewhat higher ejrj-selectivity for lithium di-n-butylcuprate as compared with its dimethyl 
analogue is merely the result of the slightly greater stenc bulk ot the former cuprate which 
disfavors enr/o-attack 
Replacing the carboxylic ester lunction in 4b by a methoxy substitutent, which is stencally 
much less demanding (A-values 11-12 and 0 55-0 75, respectively4), has an enormous effect on 
the exolendo ratio Both with lithium dimethyl- and di-n-butylcuprate 6-methoxytncyclo-
decadienone 4f gave a mixture ol addition products 5f and 6f in excellent yield, with a 
preponderance ol the enufo-addition products 6f This result clearly shows that stenc factors are 
less important here than electronic teatures Increasing the stenc size of the 6-methyl ether 
lunction by replacing the oxygen atom by sultur as in 4g (A value 1 049) led to complete 
endo-stereoselectivity for the addition ot lithium dimelhylcuprale No exo-product was detected 
A similar result was obtained for the addition ot lithium dimcthylcuprate to 4h which contains the 
somewhat larger thiophenyl group (A-value 110 1 249) Addition ot lithium di-n-butylcuprate to 
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4h produced again predominantly the endo-aádilion product but now a small amount (less than 
4%) of едго-product was isolated as well Complete endo stereoselectivity was observed for both 
the dimethyl- and η butylcuprate addition to phenylselenide 4i Interestingly due to its higher 
polarization selenium has a relatively low A-value (10-1 2)9 despite its considerable size Based 
on this consideration the phenyl selenide function is assumed to have about the same stenc 
demand as the thiophenyl ether and ethyl ester tunctions as present in 4h and 4b, respectively 
5.3 Structural assignments 
The gross structures of the cuprate addition adducLs 5 and 6 were deduced from their IR 
NMR and MS data Unequivocal assignment of the configuration ol the newly introduced 
substituent at C5, either exo or endo, was possible by comparison of the ^NMR-data ot the new 
structures 5f,h and 6f,g,h,i (R= Me, η-Bu) with those of the known tncyclodecenones 5_a,b and 
6a,b (R= Me, η-Bu)5 Typically, the endo C
s
 protons in all structures S absorb at much high field 
than the exo-C^ protons in tncyclodecenones 6 (Table 2) This higher field position of the 
endo C5 proton is clearly the result ot its considerable shielding by the norbomene Ся-Сч double 
bond Obviously, such a shielding is not possible in tncyclodecenones 6 For 6 methoxy and 
6-methylsulfanyltncycIodecenones 6f, 6g (R=Me) independent proof of the endo configuration ot 
the methyl group at C5 was obtained from their 2D 'H-NMR NOSY spectra (Table 3) The strong 
interaction observed between the C5-methyl protons and the olefinic Cg proton conlirms that 
these protons arc indeed within a distance of 3 Л of each other as may be expected lor these 
structures 6f and 6g Interestingly, the Ή NMR spectra of 6 phenylsulfanyltncyclodecenones 6h 
(R= Me, η-Bu) were nearly identical to those of the corresponding 6-phenylselcnyl compounds 6i 
Since the structure of 6i (R= Me) has recently been secured unambiguously by X-ray diffraction 
analysis11, the configuration around C5 in the 6 sulfanyl compounds 6h (R= Me η-Bu) is 
therefore also established Finally, with the aim to elucidate the structures of the diastereomenc 
tricyclic sulfoxides 6ja, which are readily obtained by oxidation ot methyl sulfide 4g followed by 
lithium dimethylcupratc addition (vide ¡nfia), an X ray diffraction ot the maior diastereomei fir3 
was undertaken (Figure 1) As can be seen trom Figure 1 this structure again confirms the 
ewfo-contiguration of the methyl group at C5 n Interestingly, this X-ray structure shows that the 
methyl group of the sulfoxide group is positioned over the annelated cyclopentanone nng while 
the electron pair is directed toward the methylene bridge carbon C,0 It is evident that it this 
conformation has some preference in tncyclodecadienone 4y which is the precursor tor 6ja, then 
addition of lithium dialkylcuprates to the enone system from the exo-tacc in 4jJ will be seveiely 
hindered 
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Table 2 Chemical shift of selected protons in 5 and 6 
product 
X 
5a 
H 
6a 
5b 
C0 2 Et 6b 
OMe 
6f 
6g SMe 
5h 
SPh 
6h 
6i 
—
 SePh 
6ju S(0)Me 
6k° S(0)Ph 
R 
exo-Mc 
exo-n-Bu 
endo-Mc 
exo-Mc 
exo-n-Bu 
endo-Mc 
endo-n-Bu 
exo-Mc 
e r^o-n-Bu 
endo-Mc 
endo-n-Bu 
endo-Mc 
exo-n-Bu 
endo-Mc 
endo-n-Bu 
endo-Mc 
endo-n-Bu 
endo-Mc 
endo-Mc 
chemical shift(ppm) 
H S exo 
2 40 
2 44 
231 
2 63 
2 50 
2 70 
2 74 
2 56 
2 76 
2 60 
2 72 
2 73 
**5 endo 
1 86 
168 
2 04 
1 86 
2 19 
2 29 
2 35 
5.4 Discussion 
The results presented above clearly show that stenc factors are not always decisive in 
controlling the stereochemistiy of conjugate nucleophihc cuprate addition to 4 In 'particular the 
reversed stereoselectivity tound tor the lithium dialkylcuprate additions to 6-methoxy-
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Table 3 Observed NOE effects in 5f, 6f, 6g and 6ia 
[Distance between Hx and the nearest hydrogen of the 5 methyl group (in A)a l0] 
Hx 
5f 
6f 
6g 
6ia 
H, 
>5 
>5 
>5 
>5 
H2 
32 
>5 
>5 
45 
H 4 x 
Ü 
29 
29 
30 
H4n 
35 
25 
11 
26 
H5 
25 
26 
24 
J_9 
H7 
43 
30 
29 
25 
H8 
>5 
24 
23 
23 
H9 
>5 
44 
43 
47 
H10a 
>5 
>5 
>5 
46 
Н |Оч 
>5 
50 
50 
44 
A NOE-effeot is expected for protons within 3 A of the nearest proton of the methyl group 
If a NOE-effect is indeed observed the corresponding distance is underlined 
tricyclodecadienone 4f as compared with tricyclic ester 4b unambiguously proves that electronic 
features dominate slenc factors 
The vinylogous addition of lithium dialkylcuprates to γ-substituted cycloenones has only 
scarcely been studied tor relative simple enones containing an alkyl or alkoxy substituent at the 
γ-position 12 13 In the cases reported, cuprate addition generally occurs with high 
diastereoselectivity affording predominantly the аяп-addition product This preferred 
anti addition is generally explained by invoking stenc or electrostatic interactions which clearly 
disfavors yyfj-addilion at the ß-enone carbon in the cycloenone11 
The exclusive formation of exo addition products 5a in the cuprate addition to parent 
tricyclodecadienone 4a is in agreement with this explanation Whereas the e\o face ot iho 
cyclopentenone moiety in 4a is almost unhindered, the norbomenc moiety severely hinders 
cuprate addition at its епсіоЛйсс resulting in complete exo addition Increase of the stenc and 
electrostatic demands at the exo-iucc by introducing a γ ester function as in 4b leads to a decreasL 
in stereoselectivity, however, едго-addilion is still by far the most preferred process (Table 1 ) A 
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rather drastic change in stereoselectivity is observed tor the cuprate addition to γ-methoxy-
tncyclodecadienone 4f The major product obtained now is the endo-dddiiion product 6f This 
high degree of e/ji/o-selectivity is certainly not primarily due to stenc features since the relative 
stenc demand ot the ethoxycarbonyl group is larger than that ot a melhoxy group (A-values 
C()2Et>OMc)9 
The tollowing explanations tor these observations can be envisaged First, electrostatic 
repulsion between the electron-rich cuprate reagent and the lone pairs on the oxygen may give 
rise to a prelcrred an/z-addition Such an electrostatic repulsion is expected to be more decisive in 
determining the stereochemistry of cuprate addition to ethers 4f, 4g, 4h and 4i than to ester 4b 
since the lone pairs on both oxygen atoms in the ester moiety can readily rotate away from the 
reaction center without increase ot the stenc hindrance at this β enone carbon Such an operation 
is not possible for the ethers 4f, 4g, 4h and 4i without considerably increasing the stenc shielding 
ot the β enonc carbon by either the methyl or phenyl group attached to the ether oxygen or sulfur 
Another possibility is stereoelectronic in nature Assuming that the tirst step in the cuprate 
addition to the enone moiety in 4 involves the reversible formation ot the corresponding LIS and 
nam d,7u*-complexes14, the subsequent step which involves either the formation of a Cu(IlI) 
ß-adduet or carbocupration to torm the β alkyl copper enolate, may be strongly alfected by the 
electronic nature of the adjacent γ-siibstitueni Corey and Boaz l4c suggest that a/i//-addition may 
arise from hyperconjugative interaction in which the γ-heieroatom removes electron density Irom 
the d(Cu), π}' enonc complex or the Cu(III) β adduci with maximum stabilization occurring in 
the anti geometry Unfortunately, experimental data to verify this hypothesis arc rather scarce 
and not yet convincing This is exemplified by the recent observation that the addition of lithium 
dimethylcuprate to γ-methylcyclopcnlenone has a higher arm-selectivity (syn/anti >1 100) than 
that to γ-melhoxycyclopentcnone (r\n/ann 1 42)12 Although the différence in selectivity is small, 
this result indicates that stereoelectronic control according to Corey s model does either not 
operate or does not play an important role since stenc, electrostatic and stereoelectronic factors all 
promote ««//-addition of the cuprate to the γ methoxycyclopentenone which should result in at 
least the same high ^//-stereoselectivity as observed lor the γ methylcyclopentcnone 
An alternative stereoelectronic analysis involves interaction of the incipient bond at С η with 
the noncquivalcnt faces of the enone system This interaction is due to the differences in the 
relative stabilities of the diastcreomenc transition states According to this hypothesis (Cieplak s 
model15), which has been successfully used for the explanation ot facial selectivity in 
1,2-additions16, stereoelectronic control is primarily determined by interaction ol the emerging 
σ'-orbiial associated with the incipient bond at Ca and a suitably aligned σ-bond at Cy Transition 
stale stabilization at either face is now dependent on the electron-donating ability of the 
respective σ bonds al Су, ultimately resulting in bond formation at the face ami to the most 
electron rich σ bond Applying this stereoclcclronic hypothesis to γ-mclhoxy substituted enones 
s\/j-addition is expected to be the preferred process as the σ donating ability of a C-0 bond is 
poor compared with a C-Η or C-C bond17 Hence, the stereoelectronic control exerted by a 
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methoxy group opposes both ils steric and electrostatic effect on π-diastereofacial selectivity. 
This may be an explanation for the incomplete stereoselectivity observed12 for the addition ot 
lithium dimethylcuprate to γ-methoxycyclopentenonc. 
The observation of predominant anti stereochemistry in the cuprate addition to 6-methoxy-
tricyclodecadienone 4f, while for ester 4b syn addition to the ester function is the main process, 
does not seem to be in accordance with Cieplak's hypothesis as now both sterically and 
stereoelectronically .гул-addilion would be the preferred reaction mode. However, it should be 
realized that аигі-addilion in 4f may primarily be the result of strong repulsive electrostatic 
interaction between the electron-rich cuprate reagent and the methoxy oxygen lone pairs which 
may be of much higher weight than stereoclectromc effects For the tricyclic thio- and 
selenoethers 4g, h and i complete or almost complete diastereofacial ¿Tj^ o-seleclivity is observed. 
This increase in ewiio-seleclivily as compared with the methoxy analogue may be merely the 
result of increased steric hindrance at the едго-1'ace of the enone moiety in 4g, h and i relative to 
4f. However, as the C-S and C-Se σ bonds are more electron donating than a C-C σ bond 
awíí'-addition is now also the preferred addition mode when adopting Cieplak's model. Hence, in 
contrast to 4f for tricyclodecadienones 4g, h and i stenc, electrostatic and stereoelectronic effects 
all combine to favor the enrfo-addition product. 
The tricyclic thioethers 4g and 4h offer a unique opportunity to further evaluate conceivable 
electronic effects of the γ-substituent on the cuprate additions. Transformation of the thioethers in 
the corresponding sulfoxides is usually a convenient reaction which changes the electronic nature 
of the original sulfur substituent Due to presence of oxygen the sulfoxide function is much more 
polar than a sulfide group and exerts a considerably stronger electron withdrawing inductive 
effect. Hence, if an appreciable electronic interaction of the γ-substituent with either the enone 
moiety or the incoming nucleophile would play a significant role in these cuprate additions to 
tricyclodecadienones 4 such an effect should certainly be reflected in either the stereoselectivity 
or the rate of the addition reaction 
Tricyclic methyl- and phenylsulfoxides 4¡ and 4k were readily obtained in high yield by 
selective oxidaüon oí the corresponding thioethers 4g and 4h with sodium periodate. In both 
cases a mixture of diastereoisomers was isolated which could be readily separated by Hash 
chromatography. 
Addition of lithium dimethylcuprate to both sulfoxides 4j° and 4ka was considerably slower 
than to the corresponding sulfides 4g and 4h. At -78 °C no reaction was observed at all lor 4J·1 and 
4ka whereas for sulfides 4g and 4h addition of the cuprate was complete within half an hour. The 
temperature had to be raised to 0 °C to obtain an acceptable rate. At this temperature complete 
conversion of the enone was observed after 2-3 hr reaction time to give essentially only one 
addition product as was shown by thin layer chromatography (Table 1). The relatively low yield 
obtained for 6ka is probably due to its thermal instability. NMR-analysis clearly revealed that 
cuprate addition to both 4ja and 4kn proceeds with high stereoselectivity to give exclusively the 
etf¿o-5-methyllricyclodecadienones 6j" and 6k" (R= CH3), respectively. No e.w-product could be 
84 
detected 
The considerably decreased reactivity of tricyclic sulfoxides 4ja and 4ka as compared with 
the corresponding sulfides presents strong evidence tor significant electronic participation of the 
γ substituent in the cuprate additions to the tricyclic cnones 4 By increasing the electron 
withdrawing ability of this substituent in going trom the sultide to the sulfoxide cuprate addition 
becomes apparently less favorable The increased stenc demand and electrostatic repulsive effect 
of the sulfoxide function as compared with the sulfide group are not relevant in this comparison 
as in both cases addition takes place entirely trom the endo face anti to the γ-substituent Hence, 
the change in reactivity must be entirely accounted for by some electronic elfect which may be 
attributed to electronic interaction of the sulfoxide function with the incoming nucleophile 
(Cieplak model) Due to the poorer electron donating ability oí the С S=() bond in comparison 
with C-S bond addition ot the nucleophile to 4 is expected to be more facile for 4g and 4h than tor 
4ja and 4k" since σ-σ* overlap will be less effective in the latter cases The alternative 
stereoelectronic model involving electronic interaction ot the sulfoxide function with the cuprate 
enolate complex (Corey suggestion14) docs not seem to give a satisfactory explanation for the 
observed decrease in rate un the contrary, invoking this approach, the increased electron 
withdrawing ability ol the sulfoxide function is expected to enhance the cuprate addition rate 
However, at this stage, it cannot be ruled out that both the stereochemistry and reactivity observed 
lor cuprate additions to 4 may in some way be associated with the natuie ot the nucleophile, ι e 
the copper reagent Experiments to verily whether the nature of the nucleophile has a significant 
elfect on both the stereochemistry and reaction rate of conjugate additions to 4 are currently 
underway 
In conclusion a strong directing elicci of the γ substituent on the stereoselectivity of lithium 
dialkylcuprate additions to γ-substitutcd tncyclodecenones 4 has been established The 
introduction ol an alkyl or aryl ether lunction containing oxygen, sultur or selenium leads to a 
remarkably high endo stereoselectivity despite the severe stene hindrance exerted by the 
norbornene C8 CQ double bond at the endo face of the cyclopentenone moiety This high facial 
stereoselectivity observed lor tncyclodecadienones 4f к is typically associated with the electronic 
features of the substituents which may interact electronically with either the enone-cuprate 
complex or with the incoming nucleophile 
From a synthetic point of view the high ewi/o-sclcctivity of cuprate additions opens 
interesting prospects for the stereoselective synthesis of cyclopentenone building blocks with 
distinct stereochemistry at the γ-posilion Starting trom parent tricyclodecadienone 4a complete 
fw-seleclivity at C
s
 is attained upon cuprate addition to give 5a Complete inversion of 
stereochemistry at this C<¡ stereogemc center as in 6a is now conceivable by using the 6-sullanyl-
or 6 selenyltncyclodecenones 4g, h or ι Alter cuprate addition which will result in exclusive 
endo stereochemistry at C^ reductive removal ol the ihm or seleno-ether group will lead to 6a 
Thermal cyclorcvcrsion ol either 5a or 6a then affords the corresponding cyclopentenones which 
have the S or R configuration at C4 respectively Experiments in this direction are currently under 
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investigation 
5.5 Experimental section 
General lemaiks 
Melting points were measured with a Reichert Thermopan microscope and are uncorrected IR 
spectra were recorded on a Perkin-Elmer 298 ïnlrared spectrometer Ή and 13C-NMR spectra 
were recorded on a Bruker AM-400 spectrophotometer, using TMS as an internal standard Foi 
mass spectra a double focussing VG 7070E mass spectrophotometer was used Capillary GC 
analyses were performed using a Hewlett-Packard 5890A gas Chromatograph, containing a 
cross-linked methyl silicone column (25m) Flash chromatography were earned out al a pressine 
of ca 15 bar, a column length of 15-25 cm and a column diameter of 1-4 cm, using Merck 
Kieselgel 60H Elemental analyses were performed on a Carlo Erba Instruments CHNS-0 1108 
Elemental analyzer All solvents used were dried and distilled following standard procedures 
General procedure for cuprate addition to 4 
A solution of RLi (ca 2 equiv ) in hcxane was gradually added to a suspension of dry Cui (ca 1 
equiv ) in dry ether at temp below 0 °C (ice-sail) under a nitrogen atmosphere After stirring lor 
15 min at this temp , the mixture was cooled down to -78 "C A solution ol 4 (ca 0 5 equiv ) in 
ether was then added The mixture was stirred at 78 °C until the reaction was complete 
according to TLC (ca 30 min ), then quenched with aqueous ammonium chloride and the aqueous 
phase extracted with ether (3x) The combined organic phases were washed with water (3x), 
dried (Na2S04) and the solvent evaporated under reduced pressure Analytical samples were 
obtained by flash chromatography and/or crystallization 
exo-3-Methvl-endo-tiitvclo[52 1 026!dec-8-en 5 one caibuxylic aadethil estei 5b (R= Me) unti 
endo-3-meth\l-endo-tnc\ch[5 2 1 026ldec-8-en-5-one tatboxylic acid eth\l estei 6b (R= Mef 
Following the general proccduie [MeLi (1 4 ml of 1 6 M solution in hexane, 2 2 mmol), Cul (216 
mg, 1 1 mmol), 4b (110 mg, 0 5 mmol)] gave, after work-up and flash chromatography (n-hexanc 
/EtOAc= 90/10), 105 mg (90 °J< ) ot a mixture of 5b and 6b in 86 14 ratio according to cap GC 
'H-NMR (400 MHz, CDCI3) 5_b(R=Me) δ 6 10 A of AB (dd, J8 tJ=5 6 Hz, J, 9 resp J 7 8=2 9H/, 
IH, Hg or H9), 6 20 В of AB (dd, J 8 9=5 6 Hz, J, y resp J7 8=3 2 Hz, IH, H8 or H9), 4 24 (q, J=7 1 
Hz, 2H, -COOCH2CH3), 3 49-3 46 (m, 2H, H6 and H[ orH7), 3 19-3 16 (m, IH, H, or H7), 2 31 A 
of AB (ddd, J4 x n=17 3 Hz, J4 x 3=10 7 Hz, J4 x 6=l 6 Hz, IH, H4x), 2 25 В oí AB (dd, J4x „=17 3 Η/ 
J 4 n 3 =7 9Hz, IH, H4n), 2 09-1 99 (m, IH, H3), I 69 A ol AB (d, J, 0 a s=8 8 Hz, IH, H1 0 s), 141 В 
of AB (d, Jlüas=8 8 Hz, IH, H10a), 1 32 (t, J=7 I Hz, 3H, CH2CHf), 1 04 (d, J=7 0 Hz, 3H, CH3) 
6b(R=Me) 8 6 35 A ol AB (dd, Jg9=5 7 Hz, J19 resp J78=3 1 Hz, IH, H8 or H9), 6 16 В ol AB 
(dd, J 8 9 =5 7 Hz, J, 9 resp J7 s=2 9 Hz, IH, H8 or Hy), 4 24 4 16 (m, 2H, -COOCH2CH3), 3 49 (d, 
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J 6 7 = 5 1 Hz, IH, Нй), 3 46(bs, IH, Η [ Ο Γ Η 7 ) , 3 23-3 21 (m, IH, Щ or Н7), 2 51-2 18 (m, IH, H 3), 
2 32 A of AB (ddd, J 4 x n = 1 8 4 Hz, J 4 x , = 9 4 Hz, J 4 x 6 = l 5 Hz, IH, H 4 x ) , 1 84 В of AB (ddd, 
J 4 x n = 1 8 4Hz, J 4 n 3 = l l 9 Hz, J 4 n ( = 1 0 H z , IH, H 4 n). 1 57 A of AB (d, J 1 0 a s = 8 7 Hz, IH, H 1 0 s ) , 
1 42 В of AB(d, J 1 ( l a s = 8 7Hz, IH, H 1 0 a ), 1 29 (t, J=7 1 Hz, 3H, CH 2CH 3), 1 21 (d, J=6 9 Hz, 3H, 
CH3) 
exo-J-B»n/-cndo mcìclofS 2 1 02 6}dec H en 5 one carboxylic acid ethvl estei 5b (R= η-Bu) and 
snáo-3-butyl-cndo-tncvclo[5 2 I O2 ñIdec-8-en-5-one LUI boxyhc acid ethyl ester 6b (R= n-Bu) 
Following the general procedure [BuLi (1 4 ml of 1 6 M solution in hexane, 2 2 mmol), Cui (216 
mg, 1 1 mmol), 4b (110 mg, 0 5 mmol)] gave, alter work-up and flash chromatography (n-hexane 
/ЕЮАс= 90/10), 125 mg (90 %) oí a mixture of 5b and 6b in 95 5 ratio according to 'HNMR 
(400 MH/) and cap GC 
'H-NMR (400 MHz, CDCI3) 5b (R= η-Bu) δ 6 30 A ot AB (dd, J 8 9 = 5 6 Hz, J; 9 resp J 7 8 = 2 9 
Hz, IH, H 8 or H 9), 6 18 В of AB (dd, J 8 9 = 5 6 Hz, J{ 9 resp J 7 8 = 3 2 Hz, IH, H 8 or H 9), 4 24 (q, 
J=7 2 Hz, 2H, COOCH2CH3), 3 46 (bs, IH, H{ or H7), 3 40 (dd, J 6 7 = 4 6 Hz J 4 x 6 = 2 1 Hz, IH, 
H 6), 3 16 3 14 (m, IH, H ; or H 7), 2 40 A of AB (ddd, J 4 x n=16 9 Hz, J 4 x 3=12 5 Hz, J 4 x 6 =2 1 Hz, 
IH, H 4 x ), 2 24 В ol AB (dd, J 4 x n=16 9 Hz, J 4 n ,=7 4 Hz, IH, H 4 n ), 1 91-1 82 (m, IH, H 3), 1 72 A 
of AB (d, J 1 0 a s = 8 7 Η ζ · 1 H - Hi0s)- ! 59-[ 4 8 d n d l ^ 4 " 1 1 9 (2 x m - 1 H d n d 5H. (CH 2) 3CH 3), 1 42 
В of AB (d, J 1 0 l s = 8 7 Hz, IH, H 1 0 a ), 1 32 (t, J=7 2 Hz, 3H, CH2CH,), 0 88 (t, J=7 0 Hz, 3H, 
CH3) 6 b ( R = n Bu) 5 6 32 Aot AB (dd, J 8 9 = 5 7Hz, J, 9 resp J 7 8 = 3 2Hz, IH, H 8 or H 9), 6 14 В 
of AB (dd, J 8 y = 5 7 H/, JL 9 resp J7 8=2 9 H/, IH, H 8 or H9), 4 26-4 14 (m, 2H, -COOCH2CH3), 
3 47 (bs, IH, H t or H7), 3 45 (dd, J6 7=5 1 H/, J 4 x 6 = l 5 Hz, IH, H6), 3 22 3 19 (m, IH, ^ or H 7), 
2 40-2 27 AB (m, 2H, H 4 x and H 4 n), 1 93-1 77 (m, 2H, H, and IH of -(СН2),СН3), 1 58 A of AB 
(dt, J 1 0 a s=8 8 Hz, J, 1 0 a = J 7 1 0 a resp J, 1 0 s =J 7 Ι ( λ =1 5 Hz, IH, H 1 0 s ) , 1 40 В ol AB (d, J 1 0 a s = 8 8 Hz, 
IH, H 1 0 J , 1 42-1 15 (m, 5H of -(CH2)3CH3), 1 29 (t, J=7 1 Hz, 3H, CH 2CH 3), 0 90 (t, J=7 1 Hz, 
3H, CH3) 
6-Methox\-exo-5-methvl-cnáo-titc\clol5 2 1 02(']dec H en 3-one 5f (R-Me) and 6-methoxy-
endo 5 meth\l-tnúo-tiiLvclo[5 2 1 026ldec-8-en 3 one 6f(R= Me) 
Following the general procedure [MeLi (1 4 mi ol 1 6 M solution in hexane, 2 2 mmol), Cui (216 
mg, 1 1 mmol) 4f (90 mg, 0 5 mmol)] gave, alter work-up and flash chiomatography (n-hexanc 
/EtOAc= 80/20), 92 mg (96 %) ot a colorless oil consisting of 23% of 5f and П с ol 6f according 
to !HNMR (400 MHz) and cap GC 
'H-NMR (400 MHz, CDC13) 5f (R= Me) 6 6 25 (m, IH, H 8 or H9), 6 13 В ol AB (dd, J 8 9 =5 5 
Hz, J t 9 resp J 7 8 = 2 9Hz, IH, H 8 or H9), 3 39 (s, 3H, OCH3), 3 21 - 3 14 (m, 2H, H t and H7), 2 81 
(d, Ji
 2 = 4 7 Hz, IH, H2), 2 27(m, IH, H 4 x), 2 19 (m, IH, H5), 1 98 A ot AB (d, J 1 0 a s = 8 4 Hz, IH, 
H 1 0 s ) , 1 80 1 68 (m, 2H, H 4 n and H1(,,), 1 15 (d, J=6 8 Hz, 3H, CH,), 6f (R= Me) δ 6 25 (m, 
IH, H 8 o r H g ) , 6 18 В oí AB (dd, J89=5 7 Hz, J[ 9 resp J78=2 9Hz, IH, H8 or H9), 3 36 (s, 3H, 
OCH,), 3 21-3 14 (m, 2H, H, and H7) 2 75 (d ^ 2=5 0 Hz, IH, Н2) 2 64 (m, IH, H s), 2 49 A ot 
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AB (ddd, J 4 x n=18 6 Hz, J 4 x 5 =9 8 Hz, J=l 9 H/, IH, H4x), 2 00 A of AB (d, Ji0as=8 4 Hz, IH, 
H 1 0 s). 1 80-1 68 (m, 2H, H4n and HIOa), 1 18 (d, J=7 0 Hz, 3H, CH3) IR (CH2C12) υ 3010-2860 
(C-Η), 1740 (C=0), 1090 i m ' EI/MS m/e (7c) 127 (100, М++1-С^Н
б
), 66 (31, C,H6+) 
EI/HRMSm/e 127 0751 [cale for C 7H n0 2(M++l C5H6) 127 0759] 
zxo-5-Bup,l-6-methox\ endo tnt\tlol52 1 026ldec 8 en 3 one 5f (R= η-Bu) and endo 5-bunl-
6-methox\-tnáo-tncyclo¡5 2 l 026ldec-8-en 3 one 6f(R= η Bu) 
Following the general procedure [n-BuLi (1 5 ml ol 1 6 M solution in hexane, 2 3 mmol), Cul 
(222 mg, 1 2 mmol), 4f (100 mg, 0 57 mmol)], gave, aller work-up and flash chromatography 
(n-hexanc /EtOAc= 80/20), 95 mg (69 %) ot colories!, oil consisting of 40* of 5f and 6Ü9, ot 6f 
according to 'HNMR (400 MHz) and cap GC 
'H NMR (400 MHz, CDCI3) 5f (R= n-Bu) 5 6 24 A of AB (dd, J89=5 5 Hz, IH, H8 or H9), 6 10 
В of AB (dd, J 8 9=5 5 Hz, IH, H8 or H9), 3 44 (s, 3H, OCH3), 3 14 and 3 09 (2 χ bs, 2H, H[ and 
H7), 2 95 (d, Jt 2=4 6 Hz, IH, H2), 2 37-2 20 (m, 2H, H4 x and H4n), 2 00 1 93 (m, 2H, H5 and 
H1 0 s), 1 79-1 67 and 1 39-1 24 (2 χ m,7H).0 9] (t, J=6 8 Hz, 3H, CH3) 6f(R=n-Bu) 5 6 24 A ot 
AB (dd, Jgy=5 7 Hz, IH, H8 or H9), 6 15 В ot AB (dd, J 8 9=5 7 Hz, J, 9 resp J 7 8 =2 8 Hz, IH, H8 
or H9), 3 34 (s, 3H, OCH,), 3 14 (m, 2H, H, and H7), 2 76 (d, J, 2=5 1 Hz, IH, H2), 2 55 2 44 (m 
2H, H5 and H4x), 2 00 1 93 (d, J 1 0 a s =8 4 Hz, IH, H10s), 1 79-1 67 and 1 39 1 24 (2 χ m, 8H), 0 91 
(t, J=6 8 Hz, 3H, CH3) IR (CH2C12) υ ЗОЮ 2860 (C-Η), 1740 (C=0), 1090 cm 1 ΕΙ/MS m/c 
(%) 169 (100, M++1-C5H6), 66 (100, C5H6+) EI/HRMS m/e 169 1227 Leale tor 
С10Н17О2(М++1-С,Н6) 169 1229] 
endo-5-Mfr/n 1-6 metfahulfanyl tndo-mc\clo[5 2 l 026Jdec 8 en-3-one 6g 
Following the general procedure [MeLi (1 4 ml ot 1 6 M solution in hexane, 2 2 mmol), Cul (216 
mg, 1 1 mmol), 4g (75 mg, 0 39 mmol)], gave, after work up and flash chromatography (n hexane 
/EtOAc= 90/10), 79 mg of 6g (97 %) as a colorless crystalline solid 
6g m ρ 84-85°C Ή-NMR (400 MHz, CDC1,) δ 6 35 A ot AB (dd, J 8 9=5 4 Hz, J, 9 resp 
J 7 g =3 1 Hz, IH, Hg or H9), 6 14 В ot AB (dd, J8 9=5 6 Hz, J! 9 resp J 7 8=2 9 Hz, IH, H8 or H9), 
3 22 and 2 97 (2 χ bs, 2H, Hi and H7), 2 87 (d, J1 2=4 9Hz, IH, H2), 2 69 (m, IH, Hs), 2 31 A ot 
AB(dd, J4 x n=18 5Hz, J 4 x 5 =9 6Hz, IH, H4x),2 28 A of AB (d, J 1 0 a s =8 3 Hz, IH, H1 0 s), 2 18 (s 
3H, SCH3), 1 86 В of AB(dd, J 4 x n =l8 5Hz, J 4 n ,= 12 4Hz, IH, H4n), I 67 В of AB (d, J, 0 j s =8 3 
Hz, IH, H1 0 a), 1 18 (d, J=7 0 Hz, 3H, CH3) IR (CH2CI2) υ 3010-2860 (C-H), 1735 (C=0) cm ' 
EUMS m/e (%) 208 (0 6, M+), 143 (100, МЧ1 C,H6) EI/HRMS m/e 208 0922 |calc lor 
C12H16SO(M+) 208 0922] 
cndo-5-Mef/iv/-6 phenylsulfaml endo-n;cvcto/5 2 / 026Jdec 8 en-3-one 6h (R= Me) 
Following the general procedure [MeLi (0 8 ml ol 1 6 M solution in hexane, 1 3 mmol) Cul (112 
mg, 0 59 mmol), 4h (100 mg, 0 38 mmol)], gave, after work-up and flash chromatography 
(n-hexanc /ElOAc= 95/5), 93 mg (90 %) of 6h as a colorless crystalline solid 
88 
6h (R= Me) m ρ 58°C Ή-NMR (400 MHz, CDC13) δ 7 55 and 7 38 (2 χ m, 5Η, ph-H), 6 31 А 
of AB (dd, J 8 9 =5 6 Hz, J, g resp J 7 8=3 1 Hz, IH, H8 or H9), 6 13 В of AB (dd, J 8 9 =5 6 Hz, J, 9 
resp J 7 g =3 0 Hz, IH, H8 or H9), 3 27 and 3 08 (2 χ m 2H, H, and H7), 3 01 (d, J, 2=5 0 Hz, IH, 
H2), 2 72 (m, IH, H,)(dd, J 5 4 x =9 5 H/, J, 4 n=l2 5 Hz trom NOE irradiating CH3), 2 45 A of AB 
(d, J 1 0 a s =8 6 Hz, IH, H1 0 i), 2 18 A ol AB (ddd, J4 x n=18 6 Hz, J 4 x 5 =9 5 Hz, J 4 x 2 = l 5 Hz, IH, 
H4x), 1 78 В of AB (dd, J4 x n=18 6 Hz, J 4 n ,= 12 5 Hz, IH, H4n), 1 73 В ot AB (d, J 1 0 a s =8 6 Hz, 
IH, H1 0 a), 0 94 (d, J=7 0 Hz, 3H, CH3) IR (CH2C12) υ 3010-2820 (C-H), 1725 (C=0) cm ' 
EI/MS m/e (%) 205 (100, M++1-C5H6), 204 (61, M+-C5H6), 189 (18, M+-C5H6-CH3), 95 (28, 
M+-C
s
H6-SPh), 66 (23, C5H6+) EI/HRMS m/e 205 0686 [cale for C12H13SO(M++l-C5H6) 
205 0684] 
endo 5 Butyl 6 pheny huif ami cnáo-n uve hl 5 2 1 026Jdec 8 en-3-one 6h (R= η Bu) 
Following the general procedure [BuLi (1 2 ml of 1 6 M solution in hexane, 1 9 mmol), Cul (180 
mg, 0 95 mmol), 4h (140 mg 0 55 mmol)l gave, alter work-up and Hash chromatography 
(n-hexane /EtOAc= 95/5), 145 mg (85 Vi) ol 6h and 5 mg (ca 3'7< ) ot 5h 
6h (R= η-Bu) m ρ 50°C Ή NMR (400 MHz, CDC13) δ 7 54 and 7 36 (2 χ m, 5H, Ph-H), 6 28 
A of AB (dd, J8 9=5 4 Hz, J, 9 resp J7 8=3 1 Hz, IH, H8 or H9), 6 12 В of AB (dd, J 8 9=5 6 Hz, J, y 
resp J 7 8 =3 0 Hz, IH, H8 or H9), 3 26 and 3 08 (2 χ bs, 2H, H, and H7), 2 99 (d, Jj 2=4 9 Hz, IH, 
H2), 2 58 (m, IH, H5), 2 44 A of AB (d, J1 0 a s=8 5 Hz, IH, H1 0 s), 2 22 A ot AB (dd, J4 x n=18 4 Hz, 
J 4 x 5 =9 5 Hz, IH, H4x), 1 72 (m, 2H, H4n and H10a), 1 51 and 1 25-1 06 [2 χ m, 6H, (CH2)3CH3|, 
0 84 (t, J=7 0 Hz, ЗН, СН3) IR (СН2С12) υ ЗОЮ 2820 (С-Н), 1725 (С=0) cm ' EI/MS m/e 
(%) 312 (0 6, М+), 247 (100, М++1-С,Н6), 190 (71, М++1-С5Н6-С4НЧ), 66 (20, С5Н6+) 
EVHRMSm/e 312 1547 [cale for C2üH24SO(M+) 312 1548] 
5h (R=n-Bu) δ 7 53 and 7 33 (2 χ m, 5H, Ph-H), 6 28 and 6 10 AB pattern (2 χ dd, J,
 9=J 7 8=3 0 
Hz, 2H, H8 and Н9), 3 27 and 3 09 (2 χ bs, 2Η, Η, and H7), 3 04 (d, J, 2=5 0 Hz, IH, H2), 2 45 A 
of AB (d, Ji 0 a s =8 6 Hz, IH, H1 0 s), 2 35 and 2 03 (2 χ m, 2H, H4 x and Н5), 1 81-0 85 [m, 8Н, H4n, 
Н 1 0 а and (С_Н2)эсьМ· ° 7 5 (t. J = 7 3 Η ζ ' 1 Η · с н з ) 
endoS-Methìl-ó-phemheleml-endo tiiL\tlol5 2 1 0261аеса S en 3 one 6i (R= Me) 
Following the general piocedure [MeLi (I ml ol 1 6 M solution in hexane, 1 6 mmol), Cul (200 
mg, 1 mmol), 4i (150 mg, 0 5 mmol)], gave, alter work-up and Hash chromatography (n-hexane 
/Et()Ac= 20/1), 140 mg (89 %) of 6i as a white solid 
6i (R= Me) m ρ 61 62 °C (diisopropylether) 'H-NMR (400 MHz, CDC13) δ 7 66- 7 29 (m, 
5H,Ph H), 6 31 Aot AB (dd, J 8 9=5 6 H/, J[ 9 resp J 7 8=3 0H/, IH, H 8 orH 9 ), 6 12 В of AB (dd, 
J 8 y =5 6 Hz, J 1 9 resp J 7 8 =2 9 Hz, IH, H8 or H9), 3 27 and 3 12 (2 χ brs, 3H, Η ΐ7 H2 and H7), 
2 81-2 71 (m, IH, H,), 2 39 A of AB (d, Jlüas=8 6 Hz, IH, H10s), 2 08 A of AB (dd, J4x4n=18 4 
H/, J4x5=9 5 Hz, IH, H4x), 178 В ot AB (dd, J4 x 4 n=18 4 Hz, J4 n 5=12 5 Hz, H4n), 1 76 В of AB 
(d, J,oa4=8 6 Hz, IH, H1()J), 0 98 (d, 3H, CH3) 13C NMR (100 MHz, CDC1,) δ 218 8 (quat ), 
137 7/137 5/136 0/129 2/129 1 (tert ) 128 2/63 6 (quat ), 62 8 (tcrt ), 53 4 (sec), 52 4 (lert ), 49 4 
89 
(sec ), 48 3 (ten ), 39 7 (ten ), 14 6 (prim ) IR (CH2C12) υ 1080 3020 (C-Η, unsat ), 3010-2860 
(C-Η, sat), 1730 (C=0) cm1 EI/MS m/e (%) 318 (9, M+), 252 (77, M+-C5H6), 161 (45, 
M+-SePh), 133 (59, M+-SePh-CO), 95 (100, VT SePh-C5H6), 66 (53, QH 6 + ) EI/HRMS m/e 
318 0524 [cale lorC1 7H1 8O8 0Sc (M+) 318 0523] 
endo-5-n-Butyl-6-pheml\elen\l endo tnc\clo[5 2 1 026ìdeca 8 en 3 one 6i (R= n-Bu) 
Following the general procedure A [n BuLi (1 ml of 1 6 M solution in hexane, 1 6 mmol), Cui 
(200 mg, 1 mmol), 4i (150 mg, 0 5 mmol)], gave, alter work-up and Hash chromatography 
(n-hexane /EtOAc= 20/1), 155 mg (86 %) of 6| 
6i (R= η Bu) Ή-NMR (400 MHz, CDC13) δ 7 66- 7 29 (m, 5H, Ph H), 6 27 A ol AB (dd, 
Jg9=5 6 Hz, J 1 9 resp J 7 8 =3 1 Hz, IH, H gorH 9), 6 09 В of AB (dd, JX 9=5 6 H/, J, 9 resp J 7 8=2 9 
Hz, IH, H8 or H9), 3 25 and 3 14 (2 χ brs, 2H, H, and H7), 3 11 (d, J, 2=4 9 H/, IH, H2), 2 63-2 55 
(m, IH, H5), 2 37 A of AB (d, J 1 0 a s =8 6 Hz, IH, H10s), 2 11 A ol AB (dd, J4 x 4 n=18 4 Hz, 
J 4 x 5 =9 5Hz, IH, H4x), 170 В of AB (dd, J4 x 4 n=18 4 H/, J4 n 5=12 0 H/, IH, H4n), 175 В of AB 
(d, J 1 0 a s =8 6 Hz, IH, H1 0 a), 1 58-1 00 (m, 6H, -(CH2)3-), 0 84 (t ЗН, СН,) 13C-NMR (100 MHz, 
CDCI3) δ 218 7 (quat), 137 7/137 2/136 2/129 1 (tert ), 128 2/63 2 (quat ), 62 5 (ten), 53 3 
(sec ), 52 6 (ten ), 48 0 (ten ), 47 7 (sec ), 45 4 (tert ), 31 1/30 3/22 7 (sec), 14 0 (pnm ) IR 
(CH2C12) υ 3080-3020 (C-Η, unsat ), 3010-2860 (C-Η, sal ), 1720 (C=0) cm ' ΕΙ/MS m/e (r/r) 
360 (3, M+), 294 (100, M+-C5H6), 203 (55, M+-SePh), 175 (37, M+ SePh-CO), 137 (68 
M+-SePh-C5H6), 66 (51, C5H6+) EI/HRMS m/e 360 0991 [cale tor C20H24O80Se (M+) 
360 0992] 
6-Methylsulfinyl-cndo-tiit\clol5 2 1 026]dec 4,8 dien-3-one 4) 
A solution of NaI04 (3 equiv ) in water (20 ml) was added dropwise to a solution of sulfide 4g 
(1 5 mmol) in methanol (25 ml) with stirring at room temp Alter 1 hour the reaction mixture was 
filtered and methanol was evaporated under reduced pressure to gave an oil Flash 
chromatography (EtOAc/mcthanol = 80/20) gave 183 mg 4jJ (58</<) and 102 mg 4J1' (33*2) as 
colorless crystalline solids 
4ja m ρ 135°C Ή-NMR (400 MHz, CDC13) δ 7 65 (d, J 4 5=5 8 Hz IH, H5), 6 35 (d, J 4 5=5 8 
Hz, IH, H4), 6 09 A ol AB (dd, J8 9=5 5 Hz, J I 9 resp J 7 8=3 1 Hz, IH, H8 or H9), 6 05 В ot AB 
(dd, J 8 9=5 5Hz, J, 9 resp J 7 8=2 7Hz, IH, Hg or H9), 3 47 and 3 31 (2 χ bs, 2H, H, and H7), 2 81 
(d, J,
 2=4 6 Hz, IH, H2), 2 56 (s, 3H, SOCH,), 2 15 A ot AB (d, J 1 0 a s =9 3 Hz, IH, H1 0 s), 1 87 В 
of AB (d, J 1 0 a s =9 3 Hz, IH, H10d) IR (CH2C12) υ 3010-2860 (С Η), 1705 (C=0) cm ' EVMS, 
m/e (%) 208 (0 5, M+), 145 (100, M+-SOCH3), 127 (15, M+C5H6-CH3), 117 (59, 
M+-SOCH3-CO), 79 (84, M+-SOCH3-C5H6), 66 (11,C5H6) EI/HRMS m/e 208 0559 [cale toi 
C
n
Hi 2S0 2(M+) 208 0558] 
4jb m ρ 111°C 'H-NMR (400 MHz, CDC13) δ 7 63 (d, J 4 S=5 8 Hz, IH, Hs), 6 29 (d, J 4 5=5 8 
Hz, IH, H4), 6 10 A of AB (dd, J8 9=5 5Hz, J, 9 resp J 7 8=3 2 Hz, IH, Hx or H9), 6 06 В ot AB 
(dd, J 8 9=5 5 Hz, J¡ 9 resp J78=2 8 Hz, IH, H8 or H9), 3 34 (bs, IH, Hl or H7), 3 21 (d, J! 2=4 5 
90 
Hz, IH, H 2), 3 05 (bs, IH, H, or H7), 2 82 (s, 3H, SOCH3), 2 17 A of AB (d, J ] 0 j s = 9 2 Hz, IH, 
H 1 0 s ) , 1 83 В of AB (d, J 1 0 a s = 9 2 Ηί< 1 Η · Hi0a> ' R (СН2С12) υ ЗОЮ 2860 (C-Η), 1705 (С=0) 
cm ' EI/MS m/e (%) 208 (0 7, M+), 145 (100, М+ SOCH3), 127 (10, М+-С 5Н 6-СН 3), 117 (43, 
M+-SOCH, СО), 79 (55, M+-SOCH, CSH 6), 66 (7, C5H ft) EI/HRMS m/e 208 0555 [cale for 
C
u
H 1 2 S 0 2 ( M + ) 208 0558] 
endo 5-Meth\l 6-meth}lsulfin\l endo tiit\tlo[5 2 l 026ldec-8-en-3-one6'f 
A solution ol MeLi (1 2 ml of a 1 6 M solution in hexanc, 1 9 mmol) in hexane was gradually 
added to a suspension of dry Cui (200 mg, 1 mmol) in dry ether at temp below 0 °C (ice-salt) in a 
nitrogen atmosphere Atter stirring lor 15 mm , a solution of 4j a (100 mg, 0 48 mmol) in THF 
was added The mixture was then sliircd at 10 "C until the reaction was complete according to 
TLC (ca 2h) The mixture was quenched with aqueous ammonium chloride and the aqueous 
phase extracted with ether (3x) The combined organic phases were washed with water (3x) 
dried (Na 2 S0 4 ) and the solvent was evaporated under reduced pressure Flash chromatography 
(ElOAc/methanol= 9/1 ) gave 107 mg (98 % ) ol 6ju as a colorless crystalline solid 
6i a m ρ 154 °C 'H-NMR (400 MHz CDC1,) 6 6 51 A of AB (dd, J 8 9 = 5 5 Hz, J 1 9 rcsp 
J 7 8 = 3 2Hz, IH, H 8 o r H9), 6 30 В ol AB (dd, J 8 4 = 5 5 Hz, Jj 9 resp J 7 8 = 2 9 Hz, IH, H 8 or H9), 
3 58 and 3 25 (2 χ bs, 2H, H t and H7), 2 80 (d, J, 2=4 8 Hz, IH, H2), 2 72 (m, IH, H5), 2 59 (s, 
3H, SüCH^, 2 49 A ol AB (ddd, J4xn=18 9 Hz, J4x<¡=9 9 Hz, J4 x 2=l 1 H/, IH, H4x), 2 16 A ot 
AB(d,J 1 0 a ,=9 1 Hz, IH, H10i), 194 Bot AB (dd, J4xn=18 9 Hz, J 4 n S=Il 3 H/, IH, H4n), I 67 В 
of AB(d, J 1 0 a<=9 1 Hz, IH, H 1 0 a ), I 24 (d, J=6 9 Hz, 3H, CH,) IR (CH2C12) υ 3010-2860 (C-H), 
1735 (C=0) c m 1 CI/MS m/e (%) 225 (10, M++l), 161 (100, M+-SOCH3), 133 (41, 
M+ SOCH,-CO), 95 (25, M+-SOCH3 C¡H6) EI/HRMS m/e 224 0869 [cale lor C12H16S02(M+) 
224 0871] 
6-Phen\lsulfm\l endo tiic\clo[5 2 1 026J(lec-4,8-tJien 3 one 4k 
A solution ol NaI04 (3 cquiv ) in water (20 ml) was added dropwise to a solution of sulfide 4h 
(450 mg, 1 77 mmol) in methanol (25 ml) with stirring at room temp Alter 1 hour the reaction 
mixture was filtered and methanol was evaporated under reduced pressure to gave an oil Flash 
chromatography (EtOAc/methanol = 80/20) gave 300 mg of 4ka (63% ) and 100 mg of 4к ь (Л 7,) 
as colorless crystalline solids 
4k a m ρ 190 "С Ή NMR (400 ΜΗ/, CDC13) δ 7 55 7 44 (m, 6Η, Н 5 and Ph H), 6 04-5 99 (m, 
2H, H 8 and H9), 5 87 (d, J 4 , = 5 8 H/, IH, H4), 3 68 and 3 35 (2 χ bs, 2H, H! and H7), 2 64 (d, 
J 1 2 = 4 6 H/, IH, H2), 2 32 A ol AB (d, J 1 0 j , = 9 4 Hz, IH, H 1 0 s ) , 1 97 В oí AB (d, J10as=9 3 Hz, 
IH, H10a), nC-NMR (100 MHz, H-dec . CDC1,) δ 205 3 (quat ), 158 3 (tert ), 140 2 (quat ), 
139 3/135 3/134 2/131 9/129 0 x2/125 5 x2 (tert), 80 5 (quat), 53 0 (tert), 50 8 (sec), 46 3 x2 
(tert ) IR (CH2C12) υ 3010-2820 (C-H), 1710 (C=0) cm ' ΕΙ/MS m/e ('7,) 270 (0 4, M+), 145 
(100, M+-S()Ph), 79 (63, M+-SOPh-C
s
Hfl), 66 (5, CSH 6 +) EI/HRMS m/e 270 0715 [cale tor 
C I n H 1 4 S0 2 (M + ) 270 0715] 
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4kb m ρ 120 °C Ή-NMR (400 MHz, CDC13) δ 7 66-7 62 and 7 60-7 27 (m, 5H, Ph-H), 6 81 
(d, J 4 5 =5 8 Hz, IH, H5), 6 14 (d, J 4 5=5 8 H/, IH, H4), 6 07 A of AB (dd, J 8 9=5 5 Hz, J, 9 resp 
J7 g=2 9 Hz, IH, H8 or H9), 5 87 В ot AB (dd, J8 9=5 5 Hz, J, 9 resp J7 8=2 9 Hz, IH, H8 or Hy) 
3 41 (bs, IH, H, or H7), 3 33 (d, J, 2=4 6 Hz, IH, H2), 3 00 (bs, IH, H, or H7), 2 40 A o! AB (d, 
J 1 0 a s =9 1 Hz, IH, H1 0 s), 1 91 В of AB (d, J 1 0 a s =9 1 Hz, IH, H 1 0 j), 13C NMR (100 MHz, H-dec , 
CDCI3) 6 206 1 (quai), 155 8/1411 (tert ), 140 3 (quat ), 136 1/133 5/1319/129 1x2/125 5x2 
(tert), 80 9 (quat), 53 0 (tert), 51 1 (sec ), 46 4/46 0 (tert ) IR (CH2C12) υ 3010-2820 (C-H), 
1710 (C=0, conj ) cm"1. ΕΙ/MS m/e (%) 270 (0 5, M+), 145 (100, M+-SOPh), 117 (80, 
M+-SOPh-CO), 79 (85, M+-SOPh-C5H6), 66 (7, C,H6+) EI/HRMS m/e 270 0715 [tak lor 
C I 6H1 4S02(M+) 270 0715] 
endo-5-Methyl-6-phen\lsulfinyl-endo-rimclofS 2 1 026ldec 8-en 3 one 6k" 
A solution of MeLi (0 6 ml ol a 1 6 M solution in hexane, 0 95 mmol) in hexane was gradually 
added to a suspension of dry Cui (100 mg, 0 5 mmol) in dry ether at temp below 0 °C (ice-salt) 
under a nitrogen atmosphere Alter stirring for 15 minutes, a solution of 4ka (50 mg, 0 18 mmol) 
in THF was added The mixture was stirred at 10 °C until the reaction was complete according to 
TLC (ca 2h) The mixture was then quenched with aqueous ammonium chloride and the aqueous 
phase extracted with ether (3x) The combined organic phases were washed with brine (3x), dried 
(Na2S04) and the solvent was evaporated under reduced pressure Flash chromatography 
(EtOAc/methanol= 80/20) gave 48 mg (46%) of 6ka as a colorless solid 
6k° m ρ 105 °C Ή-NMR (400 MHz, CDC13) δ 7 69 and 7 54 (2 χ m, 5H, ph-H), 6 44 A ol AB 
(dd, J 8 9 =5 3 Hz, ^ 9 resp J 7 8=3 2 Hz, IH, H8 or H9), 6 25 В ol AB (dd, J 8 9=5 3 Hz, J, 9 resp 
J 7 8 =2 9 Hz, IH, H8 or H9), 3 63 and 3 28 (2 χ bs, 2H, H, and H7), 2 95 (d, J ; 2=4 7 Hz, IH, H2), 
2 73 (m, IH, H5), 2 35 A of AB (d, J1 0 d s=9 1 Hz, IH, Η10ς), 2 17 A ol AB (ddd, J4x „=18 8 Hz, 
J 4 x 5 =100 Hz, J 4 x 2 = l 4 Hz, IH, H4x) 1 75 В ol AB (dd, J4 x n=18 8 H/, J 4 n < i=ll 2 Hz, IH, H4„), 
1 76 В of AB(d, Jlüas=9 1 Hz, IH, H10a), 1 09 (d, J=7 0 H/, 3H, CH3) IR (CH2C12) υ 3010 2820 
(C-H), 1730 (C=0) cm ' ΕΙ/MS m/e (%) 287 (0 7, M++l), 221 (3, M++l-C;H
n
)), 161 (100, 
M+-SOPh), 133 (47, M+-SOPh-CO), 95 (92, M+-C5H6-SPh), 66 (30, C,H6+) EI/HRMS m/e 
286 1028 [cale for C17H18S02(M+) 286 1028] 
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CHAPTER VI 
TOTAL SYNTHESIS OF (-)-KJELLMANIANONE FROM TRICYCLODECADIENONE. 
A REVISION OF ITS ABSOLUTE CONFIGURATION* 
6.1 Introduction 
Natural products containing an oxygenated cyclopentanone or cyclopentenone substructure 
may show significant biological activity Notable examples of biologically active monocyclic 
cyclopentanoids are prostaglandins1, pentcnomycins2, methylenomycins:i and the marine 
eicosanoids4. In recent papers5 6, it has been demonstrated that tncyclodecadienones 1 are 
excellent synthons for the synthesis o! a great variety ot lunctionalized cyclopentenones 
Conjugate addition to the enone moiety of 1, lollowed by clcclrophihc substitution and 
appropriate group transformations, allows the stereoselective introduction of various functional 
groups The obtained tncyclodccenones 2 can then be converted into the desired cyclopentenones 
3 by Lewis acid mediated or thermal [4+2] cycloreversion. The overall reaction sequence, which 
is summarized in Scheme 1, leads to cyclopentenoids 3 in a highly stereoselective manner The 
Scheme 1 
chemical Lewis acid mediated or thermal 
R • 
J | transformations LT! cycloreversion 
Ö 
1 2 3 
availability ol both antipodes ol 1 in enantiopure form, either by enzymatic resolution607 or 
asymmetric synthesis8, completes this strategy and makes it extremely useful for the 
enantioselective synthesis of a variety ol cyclopentenoids 
Key structure in this route to cyclopentanoids is tricyclic carboxylic acid 4 which is 
conveniently accessible trom cyclopentadiene and benzoquinone9 It was tound10 (see Chapter 
III) that acid 4, notwithstanding its highly unsaturated character, readily and efficiently undergoes 
radical decarboxylation using Barton's methodology11 A variety of synthetically interesting and 
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promising 6-subslituied tricyclodecadienones has now become easily available. Using this 
approach 6-melhoxylricyclodecadienone 7 was obtained in an excellent overall yield by bromo-
decarboxylation of 4 followed by alkaline methanolysis of initially produced tricyclic bromide 6 
A . Br 
OCH, 
СН,0 
R= COjH 
5 R= C02El 
The strategy as depicted in Scheme 1 suggests that tricyclic alkyl ethers, such as 7, offer excellent 
prospects for the enantioselective synthesis of cyclopenlanoids containing an ß-alkoxy enone 
moiety. In this chapter*·12, an efficient route to enantiopure (R)-kjellmamanone 8, a naturally 
occurring cyclopentenoid possessing such a ß-alkoxy enone functionality, starting trom 
homochiral (+)-ethyl tricyclodecadienone carboxylaie 57a·9 will be described. In addition, it will 
be shown that the absolute configuration of (+)-kjellmanianone, as established previously, is 
incorrect. 
6.2 Stereospecific synthesis of (-)-kjellmanianone 
6.2.1 Introduction 
Kjellmanianone 8, a highly oxygenated cyclopentenoid, was isolated by Nakayama ct al.n 
in 1980 trom the marine brown algae, iargassum kjellmamanum and shown to possess moderate 
activity against gram positive bacteria such as E.Coli K12 and Bacillus suhtilis var mger. The 
structure of kjellmanianone was established by single crystal X-ray analysis. Using the Bijvoet 
method this study also provided its absolute configuration as R. Interestingly, the optical rotation 
measured for the natural product appeared to be extremely low, yiz_ [a]D= +1.6° (c 1.8, CHC13). 
Shortly after ils isolation, an enantioselective synthesis of (+)-kjellmanianone 8 was achieved by 
Smith et al. by asymmetric hydroxylation of 5-carbomcthoxy-3-methoxy-cyclopent-2-enonc 10 
using enantiopure N-sulfonyloxaziridinesM (Scheme 2). Optical yields up to 68.5% ее were 
Scheme 2 
сн„о 
CK 
2 2
 \=J H 
enantiopure /, 
N-sullonyloxaandine^ // 
10 cy 68% 8 cy. 60% 
ее 68 5% 
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obtained Although enantiopurc (+)-kjellmanianone was not obtained, its optical rotation was 
calculated to be ca [a]D= =100° indicating that natural kjellmanianone, as isolated by Nakayama, 
is almost completely racemic By applying the exciton chirahty method as developed by Mason ^ 
and Nakanishi16, the absolute configuration of (+)-kjellmanianone was again established as R 
Enantiopure kjellmanianone has hitherto not been prepared 
Retrosynlhelic analysis of kjellmanianone using the strategy as depicted in Scheme 1, 
reveals that a most etiicient route to this cyclopentenoid would involve three ma|or steps (i) 
regioselective 1,4-reduction ol the enone moiety in 6 melhoxy tncyclodecadienone 7 followed by 
methoxycarbonylation to lorm 12, (n) hydroxylation at the ketone C
a
-position (C4 in the tricyclic 
system) in 12 which should stereoseleciively lead to 11, (in) thermal [4+2]-cyclorcversion of 11 
to afford k)ellmanianone 8 (Scheme 3) In order to obtain natural (R)-kjellmanianone 8, this 
Scheme 3 
сн„о OCH, 
synthetic scheme necessitates the use ot enantiopure (+) tncylic ester 5 as the starting material 
The absolute configuration of this ester is as depicted in the Schemes 
6.2.2 Synthesis of 6-methoxytricyclodecenone 20 
The regioselective enone leduclion ol 7 appeared to be unexpectedly troublesome The use 
of zinc in acetic acid as a typical 1,4 enonc reducing agent did not meet with success17 At room 
temperature no reaction was observed at all, whereas at elevated temperatures mixtures of 
products were obtained which did nol contain any ot the desired reduction product With lithium 
aluminum hydride in tetrahydrofuran at 78 °C the predominant product turned out to be the 
1,2-reduction product produced in nearly qantitativc yield With lithium in ammonia the 
1,4 reduction product was lormed, however only in a maximum yield ot 25% 
These disappointing results made a change ot the synthetic strategy necessary It was 
figured that the desired reduction ot the enone double bond could equally well be accomplished at 
the very beginning of our synthetic route, viz at the stage of the starting ester 5 Both Barton's 
bromodecarboxylation and the subsequent methanolysis of the bridgehead bromide were not 
expected to be allected by the absence ot the enone double bond Attempted reduction of ester 5 
with zinc in acetic acid under a variety ot conditions again did not result in appreciable amounts 
of desired ketone 13 Ester 5 was recovered almost quantitatively even alter prolonged heating ol 
the mixture lor more than eighteen hours This reluctance ot 5 to undergo zinc reduction is in 
remarkable contrast with the zinc reduction ot parent tncyclodecadienone 1 (R=H) which, under 
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identical conditions, proceeds smoothly in a 1,4-enone lashion The presence ot a substituent at 
the C6-posmon in the «7¿o-tncyclodecadienone system apparently severely hampers this 
reduction with /inc. Other metal reduction methods, such as lithium in ammonia 01 the use ot 
copper hydride, did not lead to significant yields ol 13 either 
Scheme 4 
Ή 
COO Et 
LiAIH, THF 
i 1 
78°C 
COOEt 
5 [ct]D=+105°, ee>98% ( ) 13 (cy 68%) 
COOEt 
16 
H OH 
15 (cy 30%) 
Much better results were obtained when lithium aluminum hydride was used At -78 °C in 
THF, ester 5 gave a mixture of the desired keto-ester 13 and bridge alcohol 15 in a 7 1 ratio, in 
almost quantitative yield (Scheme 4) Both compounds could readily be separated by Hash 
chromatography to give keto-ester 13 in 68% yield Minor alcohol IS, the formation of which is 
conveniently explained by initial stereoselective 1,2-reduction ot 5 to give 14 lollowed by a fast 
Cope rearrangement18, could quantitatively be reconverted into 5 by a Jones oxidation Oxidation 
ot 15 gives the corresponding bridge ketone 16. which, due to an increased angle strain at C10, 
immediately rearranges to the thermodynamically more stable ketone 5 in a Cope lashion18 The 
predominant formation of the 1,4-addition product in the hydride reduction oí 5 can be 
rationalized by assuming initial coordination ol lithium aluminum hydride with the γ-ester 
function placing it in a favorable position lor hydride transler to the ß-carbon ol the enone moiety 
If such coordination is absent, as is the case for methyl ether 7, coniugate addition is disfavored 
due to van der Waals interactions between the ad]acent ejm-y-substituent and the incoming 
nuclcophile, and 1,2-addition will be the prelerred reduction pattern 
Having established the best conditions lor an eltective reduction ol the enone double bond 
in racemic 5, enantiopure (+)-5_ ([a]L)= +105", ee>98%) was subjected to lithium aluminum 
hydride reduction to give tricyclic ketone (-)-13 without any loss of optical purity 
Hydrolysis ot ester (-)-13 with sodium hydroxide in methanol at room temperature 
У 8 
smoothly gave carboxyhc acid ( ) 17 in quantitative yield (Scheme 5) The bromodecarboxylation 
Scheme 5 
H COOEt NaOH CH,OH rt 
О 
()13 
кон C-Η,ΟΗ rt 
соон Barton s 
halode ca rboxylalion 
H H ; ) 17 (су 100%) π γ π ( ) 18 (су 84%) 
X^ 0CH3 
CH3OH /£J—X 
19 ( ) 20 (cy 90%) 
of ( )17 was earned out under identical conditions as used tor the transformation of carboxylic 
acid 4 into cnone bromide 610 Conversion ot 17 into the corresponding acid chloride with oxalyl 
chloride, followed by treatment with the sodium salt ol N hydroxypyndine 2 thione afforded the 
N-acyloxypyndine 2-lhiono ester which was not isolated but immediately reacted with 
bromoinchloromelhane An almost quantitative formation ot bromide 18 was achieved when the 
reaction was carried out at reflux temperature and using a 250 W tungsten lamp to initiate the 
radical decomposition of the hydroxamic ester In contrast to enone bromide 6, this bromoketone 
18 could readily be purified by Hash column chromatography without loo much loss ot material 
Enanliopuie bromide (-) 18 was thus obtained in an excellent overall yield ol 84% 
Bromide ( )-18 was rapidly melhoxylated upon treatment with potassium hydroxide in 
methanol to give a single tricyclic melhoxy compound in 90% yield In analogy with the 
methoxylalion of tricyclic bromide 6, this transiormalion is assumed to involve the intermediacy 
ol cyclopentanonc annulated norbornadiene 19, which, notwithstanding the relative mild reaction 
conditions used, immediately undeigoes complete coniugate addition ol methanol10 (Scheme 5) 
The absence of any enone 19 in the reaction mixture is indicative ol the high reactivity ol this 
annulated enone system which is much more strained than its non annulated isomer 1 In 
principle, the addition of methanol to the central enone unit in 19 can lead either to 6-meihoxy 
substituted endo or exo tncyclodecenone Since only a single methoxy compound is tormed the 
stene accessibility ol the two laces ol the enone unit in 19 is apparently quite different Moleculai 
modeling indicates that methoxide addition syn to the methylene bridge in 19, thus retaining the 
original endo conhguration ol the tncyclodecenone skeleton is indeed more favorable than 
addition N\H to the unsaturated ethylene badge This conclusion was continued by a detailed 2 D 
^NMR spectroscopic analysis which unequivocally revealed that the addition product isolated 
trom this methanolysis ol 18 is ero 6 methoxy endo tncyclodecenone 20 Especially indicative is 
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the observation of a strong NOE-eflect tor one of methylene bridge C1() protons on irradiation ot 
the C2-proton in 20 Such a magnetic interaction is only conceivable tor enJo-structure 20 At a 
later stage ot this study, unequivocal continuation ot the correctness ot this assignement was 
obtained trom the photochemical cage closure ot cnol carbonate 28 and the X-ray detraction 
analysis of 27 (vide infra) 
6.2.3 Synthesis of (-)-kjellmanianone and assignment of its absolute configuration 
Having attained an effective and stereoselective synthesis ot 20, the next task involves the 
stereoselective introduction of the endo C4-methoxycarbonyl- and the f-w-C^-hydroxy group It 
seems logical to introduce the methoxycarbonyl group first and then find methods to hydroxylate 
the active C4-mcthylene position of the ß-ketoester This sequence of reactions was first studied 
for tricyclic ester 13 as a model system (Scheme 6) 
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Deprotonation of keto-ester 13 using lithium dusopropylamide at 78 °C followed by the 
addition of methyl chlorotormate gave a mixture of the desired methoxycarbonylation product 21 
and the O-alkylatcd compound 22 in about equal amounts and in 75V< total yield Almost 
exclusive formation of 21 was achieved by using dimethyl carbonate instead ot methyl 
chloroformate as the methoxycarbonylation reagent The 'HNMR spectrum ot 21 showed that 
this compound is almost entirely enohzed 
For the introduction of an hydroxyhc function at the C4 position in 21, common methods 
for the hydroxylalion ot β ketocstcrs employing eleclrophilic oxidation reagents, e g carboxylic 
peresters and transition metal peroxides,19 were considered However such eleclrophilic reactions 
are not feasible tor the a-hydroxylation ot tncyclodeccnonc derivatives such as 21 as the rather 
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strained norbornene double bond will probably compete in such an electrophilic oxidation 
reaction20. Since enol esters derived lrom a ß-keloesler can be considered as Michael acceptors, a 
nucleophilic epoxidation of such esters is an attractive alternative for the regioselective 
hydroxylation ot tricyclodecenone ester 21 For this purpose acetate 23 was prepared in nearly 
quantitative yield by acylation ol cnolale 21 with acetic anhydride and pyridine. The nucleophilic 
epoxidation of enol acetate 23 was carried out under the usual conditions using hydrogen peroxide 
and sodium hydroxide in a dichloromethane/methanol mixture as the solvent at room temperature 
for 16 hr. In this manner the desired a-hydroxyester 24 was obtained as a single compound in 
83% yield after chromatography on silica gel. This rewarding result shows that nucleophilic 
hydroxylation of ester enolates derived trom ß-keto-esters is an alternative for the synthesis ol 
a-hydroxykelones in those cases where m-CPBA cannot be used The isolation of a single 
hydroxy ester indicates the high stereoselectivity ol this alkaline epoxidation of 23 Assuming 
initial attack at the C, position in 23 addition ol the hydroperoxide anion trom the еда-tace ot the 
tncyclodecadiene system is much more lavored than from the endo-iat-e due to severe stenc 
interaction of the nucleophile with the C 8-C 9 norbornene double bond. The preference for 
едго-atack at this C3-position is convincingly demonstrated by the hydride reduction ol ester 5 
which stereospecifically leads to the corresponding мо-alcohol (see Scheme 4) This 
consideration suggests the formation ol 24 as the ultimate product in this reaction This 
assignment is confirmed by the 'HNMR spectral data of 24 and at a later stage by an X-ray 
diffraction analysis ol the corresponding 6-melhoxy congener 27 (vide три) 
The niethoxycarbonylalion ol enantiopure methoxy ketone (-)-20 with dimethyl carbonate 
and lithium dnsopropyl amide proceeded with the same efficiency as is observed lor ester 13 No 
elimination ol the methoxy group, which could be envisaged here by initial competitive 
deprotonation at the C2-position, is observed (Scheme 7) Interestingly, the use of methyl 
chloroformate instead ol dimethyl carbonate leads predominantly to O-acylation aflording enol 
carbonate 28 This enol carbonate could quantitatively be converted into 1,3-bishomocubane ester 
29 by photolysis in benzene containing 10% ol acetone, which provides additional evidence for 
the éw/o-conlìguration of the 6-methoxyincyclodecenone (-)-20. 
ß-Keto ester (-)-25, which is completely enoli/ed, was quantitatively converted into acetate 
(-)-26 using standard methodology Nucleophilic epoxidation of (-)-26, under identical conditions 
as used above for the epoxidation ol enolcstcr 23, proceeded smoothly to give the desired 
α-hydroxy-ß-keto ester (-)-27 as a white crystalline material in 70% yield alter flash column 
chromatography on silica gel To exclude any ambiguity about the stereochemisty around C4 in 
(-)-27 an X-ray diffraction analysis was performed The structure ol (-)-27 was indeed tully 
confirmed (Figure)21. 
In the linai step, thermal |4+2|cycloreversion ot (-)-27 should now lead directly to 
kjellmamanone 8 (Scheme 8) When (-)-27 is subiected to thermolysis at 500 °C and 0 03 mbar, 
applying the technique ol Hash vacuum thermolysis, a smooth letro-Diels-Alder reaction was 
observed The expected 2-hydioxycyclopentenone ester 8 was produced in almost quantitative 
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yield as solid material Recryslalhzation trom diisopropyl ether gave an optically pure sample 
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with [a]D= -115 0° (с 1 15, CHC13) and melting point 157-158 °C The spectral data of 8 are in 
full agreement with its proposed structure and identical to those reported for kjellmanianone1314 
However, with respect to the optical properties of this cyclopenlenoid considerable dilferences 
came to light The optical rotation observed for enantiopure kjellmanianone is considerably 
higher than expected on the basis ol the rotation found by Smith et alu for their 
(+)-kjellmamanone (m ρ = 126 128 l'C, ec= 68 5%, [a]D= +67 9°) Strikingly and unexpectedly 
the sign of rotation ol kiellmanianone synthesized according to present route appeared to be 
opposite to that observed by Nakayama and Smith1314 
Based on the well-established absolute configuration of starting tricyclic ester (+)-57a b 2 2, 
the absolute configuration of our ( )-k|elImanianone is R at C4 (Scheme 8) As a consequence, the 
absolute configuration ol (+)-k]ellmanianone as established earlier by Nakayama" and Smith14 
using X ray diffraction and the exciton chirahty method respectively, must be incorrect and has 
to be revised to S Although ihere is no doubt about the correctness of the X-ray structure 
analysis of natural kiellmanianone, a reliable determination ol its absolute configuration is in tact 
impossible because the isolated kiellmanianone is almost completely racemic with an ее of less 
than 1 5% At that time the racemic nature of natural kjellmanianone was probably not realized 
The result presented here also shows that the exciton chirahty method as used by Smith et al 
should be handled with gieat care certainly tor those compounds tor which no precedents are 
available23 
In conclusion, an effective and completely enantioselective synthesis of kjellmanianone, a 
rather sensitive and labile cyclopenlenoid has been icahzed illustrating the high synthetic 
potential ol the tricyclodecadicnone system as a chiron for cyclopenlenoid synthesis 
6.3 Experimental section 
Genei al lemaiks 
Melting points were measuied with a Reichert Thermopan microscope and are uncorrected IR 
spectra were recorded on a Perkin Elmer 298 infrared spectrometer Ή and 13C NMR spectra 
were recorded on a Bruker AM 400 spectrometer using TMS as an internal standard For mass 
spectra a double focussing VG 7070E mass spectrometer was used Capillary GC analyses were 
performed using a Hewlett-Packard 5890A containing a cross-linked methyl silicone column 
(25m) Flash chromatography were earned out at a pressure of ca 15 bar, a column length of 
15-25 cm and a column diameter of 1 4 cm, using Merck Kieselgel 60H Elemental analyses 
were performed on a Carlo Erba Instruments CHNS-O 1108 Elemental analyzer Optical rotation 
were determined on a Perkin-Elmer 241 polarimeier All solvents used were dried and distilled 
according lo the standard procedures 
( )-(lR,2R,6R,7S) Etlnl 5 от endo tiit\cloí52 I (ß6hiec 8 ene 2 (.allumiate 13 und eth\l 
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anti-10-hydrox\-endQ-mc\clo[5 2 1 026]deca-4,8-diene 8 carboxylate 15 
A suspension ot LiAlH4 [1 0 g (0 26 mol) in 100 ml dry THF] was kepi at room temp overnight 
A clear top layer solution of LiAlH4 (-90 ml) was transferred to a three-necked flask equipped 
with thermometer and stirring magnetic bar and a solution of enone 5 (2 18 g, 10 mmol, Lot]D= 
+105, ее > 98 %) in THF (10 ml) added at 78 °C (5 mm ) using a syringe Atter 10 min, an 
excess of acetone was added, followed by 3 % HCl aq Extraction with ether (3x), several 
washings (brine), drying (Na 2S0 4) and concentration m vacuo produced 1 07 g ol an oil 
Purification by flash chromatography (n-hexane /EtOAc = 2/1) gave pure 13 (1 5 g, 68%) as a 
colorless oil and 15 (0 66 g, 30%) 
13 [ a ] D 2 5 = -87 3° (c 1 14, CH3OH) Ή NMR (400 MHz, CDC13) δ 6 29 A ol AB (dd, J 8 9=5 6 
Hz, J, g resp J 7 8 =3 0 Hz, IH, H 8 or H9), 6 25 В of AB (dd, J 8 9 =5 6 Hz, J, 9 resp J 7 8 =2 8 H/, 1Η 
H 8 or H 9), 4 22 (q, J=7 1 Hz, 2H, OCH2), 3 35 (m, 2H, two of H l t H 6 and H7), 3 24 (brs, IH, one 
of H L H 6 and H 7), 2 00-2 60 (m, 4H, H 3 and H4), 1 61 A of AB (d, J 1 0 a 1 0 s =8 8 Hz, IH, H 1 0 a or 
H 1 0 s ) , 1 57 В A of AB (d, J W a l 0 s = 8 8 Hz, IH, H 1 0 a or H 1 0 s ) , 1 30 (t, J=7 1 Hz, 3H, OCH 2CH 3) 
IR (CH2C12) ν 3010-2820 (C-Η, sat ), 1735 (C=0), 1725 (C=0) cm ' E I/MS m/e (%) 220 (0 6, 
M+), 192 (0 3, M+-CO), 175 (6, M+-OEt), 155 (52, M++1-C5H6), 66 (100, C 5H 6 +) EI/HRMS 
m/e 221 1168 [cale for C 1 3 H 1 7 0 3 (M + +1) 221 1178] 
15 'H-NMR (400 MHz, CDC13) δ 6 77 (d, J, 9 =3 7 Hz, IH, H9), 5 50 (s, 2H, H 4 and H s), 4 18 (q, 
J=7 0 Hz, 2H, OCH2), 2 80-2 31, 3 38-3 72, 3 87 (m, 5H, H,, H6, H7, H 1 0 and OH), 1 49 1 56 (m, 
3H, H 2 and H 3), 1 29 (t, J=7 1 Hz, 3H, OCH 2CH 3) IR (CH2C12) ν 3620 (free OH), 3480 
(H bond OH), 3100-3020 (C-Η, unsat ), 3010-2820 (C-Η, sat ), 1710 (C=0), 1590 (C=C con) ) 
cm ' 
(-)-(lR,2R,6R,7S) 5 Oxo endo mc\do[5 2 I 026ldec 8 ene 2 caibowlit acid 17 
Ester 13 (2 2 g, 10 mmol) in a 10% solution of NaOH in methanol (30 ml \0'7C was stilted at 
room temp tor 2h The mixture was neutralized and concentrated to nearly dryness Water (50 
ml) was added, followed by extraction with ethyl acetate (3x), several washings with bnne and 
water, drying (Na 2 S0 4 ) and concentration in \atuo to give 17 (2 g, -100%) as a white solid 
17 m ρ 115-118 °C (diisopropyl ether), [ a ] D 2 , = -114 4° (c 1 12, CH3OH) 'H-NMR (400 MHz, 
CDC13) 6 9 5 (brs, IH, COOH), 6 29 (m, 2H, H 8 and H9), 3 40 (brs, IH, H, or H7), 3 37 (d, 
J 6 7 = 4 5Hz, IH, H6), 3 28 (brs, IH, Ну or H7), 2 41,2 26, 2 14 and 1 86 (4 χ m, 4H, H 3 and Н4) 
1 66 (m, 2Н, Н 1 0 ) 1 3C-NMR(100MHz, Η-dec, CDC13) δ 218 8/183 0 (quat ), 138 3/135 1/59 0 
(ten), 58 2 (quat), 514 (sec), 51 1/46 5 (ten) 40 7/27 8 (sec) IR (CH2C12) ν 3500 2300 
(COOH), 3010-2820 (C-Η, sat ), 1725 (C=0), 1695 (C=0) cm ' CI/MS m/e (%) 193 (6, M + +l), 
127 (62, M++1-C5H6), 66 (100, C5H(,+) EI/HRMS m/e 193 0863 [cale lor С И Н 1 3 0 , ( М + + 1 ) 
193 0865] 
(-)-(lS,2R,6R,7R)-6-g/o»;o-endo-fmM:/o/5 2 I 026ìdec-8-en-:ì-one 18 
Oxalyl chloride (5 ml) and 10 drops ot dimethyl tormamide were added to a solution ot acid 17 
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(2 9 g, 15 mmol) in benzene (25 ml) al room lemp Alter slimng for lh with protection trom 
moisture, the solvent and excess oxalyl chloride were evaporated Benzene (10 ml) was added and 
resulting solution added dropwisc (20 min ) to a dned, stirred suspension of 
N-hydroxypyndin-2 thione sodium salt (2 9 g, 19 mmol) in benzene (50 ml) and 
bromotnchloromethane (50 ml) which was kept at reflux temp and under nitrogen while 
irradiating with a 250 w tungsten lamp Alter completion of the addition the reaction mixture was 
cooled to room temp and evaporated to dryness The crude product was purified by flash 
chromatography (n-hexane /EtOAc = 9/1) to give pure 18 (2 85, 84%) as a colorless oil 
18 [<x]D25= -117 9° (c 1 97, CH3OH) 'H-NMR (400 MHz, CDCI3) δ 6 21 (m, 2H, H8 and Н9), 
3 41 (brs, IH, Hl or H7), 3 32 (d, J, 2=4 5 H?, IH, H2), 3 25 (m, IH, H, or H7), 2 69, 2 57, 2 33 
and 2 11 (4xm, 4H, H4 and H5), 2 26 A ot AB (d, J10a,i0s=8 9 Hz, IH, H1 0 s), I 91 В A of AB (d, 
Jioa IOS=8 9 Hz, IH, H10a) 13C-NMR (100 MHz, H dec , CDC13) 6 216 5 (quat ), 138 0/134 5 
(tert ), 71 1 (quat ), 66 0/57 9 (tert ), 52 7 (sec ), 47 0 (tert ), 41 8/37 4 (sec ) IR (CH2C12) ν 
3100-3020 (C-Η, unsat ), 3010 2820 (C-Η, sat ), 1730 (C=0) cm ' CI/MS m/e (%) 229/227 
(0 1/0 1, M++l), 163/161 (12/13 M++I-Br), 147 (12, M+ C5H6), 66 (29, C¡H6+) EI/HRMS m/e 
227 0071 [cale tor C10H12O79Br(M++l) 227 0072] 
(-HlS.2R,6R,7R)-6 Meihox\ endo tinyüol5 2 I 026ldec 8 en ? one 20 
A solution of bromide 18 (2 3 g, 10 mmol) in methanol (10 ml) was added dropwisc (10 min ) to a 
solution of 20% KOH in methanol (50 ml) at 5 °C After the addition was complete stirring was 
continued for another 5 min The reaction mixture was neutralized with HCl aq (10 %), 
concentrated in vacuo and the residue extracted with ethyl acetate (3x), washed with brine, dried 
(Na2S04) and concentrated to give a crude oil Flash chromatography (n hexane /EtOAc = 6/1) 
gave 20 (1 6 g, 90%) as a pure colorless oil 
20 laJD25= -137 2° (c 2 31, CH3OH) ' H NMR (400 MHz, CDC13) δ 6 22 A ol AB (dd, J8 9=5 6 
Hz, J19resp J 7 8 =2 7Hz, IH, H8 or H9), 6 14 В of AB (dd, J 8 9=5 6 Hz, J, 9rcsp J 7 8 =3 4Hz, IH, 
Hg or H9), 3 33 (s, 3H, OCH3), 3 16 (brs, 2H, H, and H7), 2 70 (m J, 2=4 2 H/, IH, H2), 2 46, 
2 21, 2 12 and 1 81 (4xm, 4H, H4 and H,), 1 99 A of AB (d, J 1 0 a ю,=8 3 Hz, IH, HW s), 1 72 В A 
of AB (d, J1Oai0s=8 3 H z - 1 H - H ioJ '3C-NMR (100 MHz, H-dec , CDC13) δ 219 0 (quat), 
138 6/134 4 (tert ), 92 9 (quat ), 61 9/50 7 (tert ), 50 4 (sec ), 49 2, 45 4, 42 3/27 5 (sec ) IR 
(CH2CI2) ν 3100-3020 (C-Η, unsat) 3010-2820 (C H, sat), 1725 (C=0), 1080 (C-O) cm ' 
CI/MS m/e (%) 178 (1, M+), 149 (100 M+-CO), 113 (39, M++l C,H6), 66 (9, C5H6+) EI/HRMS 
m/e 178 0994 [cale for C10H14O2(M+) 178 0994] 
( ) (1R.2R.6R.7S) Ethvl 5 acekm 4 meihowtaiboinl endo tiiL\clo¡5 2 J 026hleca 4,8 diene 2-
ca> boxy late 23 
A solution of 13 (330 mg, 1 5 mmol) in 10 ml ot THF was slowly added to a solution ot lithium 
diisopropylamide [1 78 mmol, generated trom diisipropylamine (180 mg, 1 78 mmol) and 1 1 ml 
of 1 6 M n-butylliihium] in 10 ml ot THF al -78°C After the addition was complete, slimng was 
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continued for 15 min. An excess of methyl chlorotormate (500 mg, 5 mmol) in 5 ml of THF was 
added and stirring was continued at -78°C for another lh The reaction mixture was poured into 
saturated NH4C1 aq. and extracted with ethyl acetate. The combined organic layers were washed 
with brine, dried over Na 2S() 4 and concentrated m vacuo. Flash chromatography (n-hexane 
/EtOAc = 6/1) gave a mixture (150 mg) of 21 and 22 and together with starting material 13 (Ξ 180 
mg)· 
The mixture of 21 and 22 in dichloromethane (5 ml), acetic anhydride (1 ml), pyridine (3 ml) and 
DMAP (10 mg) was stirred at room temp, for 3h. Concentration in vacuo and subsequent flash 
chromatography (n-hexane /EtOAc = 5/1) gave 23 (75 mg, 34% based on consumed 24) as a 
colorless oil. 
23: ^ - N M R (400 MHz, CDC13): δ 6.25 A of AB (dd, J 8 9 =5.6 Hz, J l i 9 resp. J7 8=3.() Hz, IH, H 8 
or H 9), 6.18 В of AB (dd, J 8 9 =5.6 Hz, J, 9 resp. J 7 8 =3.3 Hz, IH, H 8 or H9), 4.20 (m, 2H, 
OCH 2 CH 3 ), 3.82 (dd, J 6 7 =3.8 Hz, J 6 3 e x o =3.7 Hz, IH, Hf)), 3.65 (s, 3H, COOCH,), 3.27 and 3.00 
(2xbrs, 2H, H t and H7), 2.71 A of AB (d, J a b=17.1 Hz, IH, H 3 e n d o ) , 2.31 В of AB (dd, Ja,b=17.1 
Hz, J 6, 3 e x o=3.7 Hz, IH, H 3 c x o ) , 2.24 (s, 3H, COCH,), 1.58 A of AB (d, J10a.iOs=8 8 H z - 1 H · H i o J · 
1.50 В A of AB(d, J 1 0 a l 0 s = 8 . 8 H z , IH, H 1 0 a ), 1.29 (t. J=7.1 Hz, 3H, OCH 2 CH 3 ). n C-NMR(100 
MHz, Η-dec, CDC13): δ 176.0/167.0/163.2/158.8 (quat ), 138.0/133.7 (ten.), 117.1 (quat ), 61 1 
(sec), 57.7 (tert.), 54.4 (sec), 51.3/50.5 (tert.), 48 7 (sec), 44.6 (prim.), 36.1 (sec), 20.9/14 2 
(prim.). IR (CH2CI2): ν 3100-3020 (C-Η, unsat.), 3010-2820 (C-Η, sat.), 1765 (C=0), 1710 
(C=0), 1655 (C=C, con¡.) cm"1. El/MS: m/e (%) 320 (0.4, M+), 255 (31, M++l-C,Hf)), 212 
(100,M++1-COCH3-C5H6), 66 (40, C5H6+), 43 (CH3CO+). EI/HRMS m/e: 320.1260 [cale lor 
C17H20O6(M+): 320.1260]. 
(-)-(lR,2R,4R,6R,7S)-£r/rv/ 4-methox\carbon\l-4-hyclrow-5-oxo-endotricycloi5.2.1.026ldec-H-
ene-2-carboxylate 24 
A solution of 23 (110 mg, 0.33 mmol) in dichloromethane (4 ml), methanol (4 ml), hydiogen 
peroxide aq. (35 %, 2 ml) and NaOH (0.2 N, 2 ml) was stirred at room temp, overnight. Addition 
of water (10 ml), extraction with ethyl acetate (3x), several washing with brine, drying over 
Na2S04 and concentration gave a crude oil. Flash chromatography (n-hexane /EtOAc = 4/1) gave 
pure 24 (65 mg, 83% based on recovered 23) and 23 (25 mg). 
24: 'H-NMR (400 MHz, CDC1,): δ 6.28 (brs, 2H, H 8 or H9), 4.28 (m, 2H, OCH 2CH,), 3.92 (d, 
J 6 7 =4.5 Hz, IH, H 6), 3.85 (s, IH, OH), 3.78 (s, 3H, COOCH3), 3.31 and 3.19 (2xbrs, 2H, H, and 
H 7), 2.50 A of AB (d, J a b=15.0 Hz, IH, one ot H,), 2.28 В ol AB (dd, J a b=15.0 Hz, IH, one of 
H 3), 1.84 A of AB (d, J 1 0 a K)b=8.9 Hz, IH, H 1 0 s ), 1 68 В A of AB (d, J10a.10s=8-9 Hz, IH, H„ ) a), 
1.32 (t, J=7.1 Hz, 3H, OCH 2CH 3) l 3C-NMR (100 MHz, Η-dec, CDC13): δ 208 9/176.2/170.6 
(quat.), 138.2/135.5 (tert.), 84.9 (quat), 61.6 (sec), 56 9 (quat.), 56.1/53.1 (tert.), 51.3 (sec), 
50.6/44.8, 39.9 (sec), 14.1 (prim.) IR (CH2C12) ν 3500 (free OH), 3100-3020 (C-Η, unsat.), 
3010-2820 (C-Η, sal.), 1755 (C=0), 1725 (C=0) cm"1. ΕΙ/MS m/e (%) 294 (2, M+), 228 (22, 
M+-C 5H 6), 66 (40, C 5 H 6 + ) . EI/HRMS m/e: 294.1104 [cale 1огС и Н 1 Х 0 6 (М + ) . 294.1103]. 
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(-)-(lS,2R,6R,7R) Methyl 3 h\d>on 6 methox\ endo tiic\clo[5 2 1 ü26¡det-3.8-diene 4 talb-
on late 25 
A solution ot 20 (180 mg, 1 mmol) in THF (2 ml) was slowly added to a solution of lithium 
dnsopropylamide [2 mmol, prepared fiom dusipropylamine (200 mg, 2 mmol) and 1 2 ml of 1 6 
M n-butylhthium] in 5 ml of THF at 78°C After the addition was complete, stirring was 
continued for 40 mm An excess dimethyl carbonate (1 ml) was added and stirring was continued 
tor 2 hrs at -78°C The reaction mixture was then poured into saturated NH4C1 aq and repeatedly 
extracted with ethyl acetate The combined organic layers were washed with brine, dried over 
Na2S04 and concentrated in vacuo Flash chromatography (n-hexane /ElOAc = 6/1) gave 25 (70 
mg, 86% based on recovered 20) and 20 ( 115 mg, 65'Я ) 
25 Ή-NMR (400 ΜΗ/, CDC13) δ 10 16 (s, IH, enol), 6 11 A ot AB (dd, J 8 9 =5 7 Hz, Jl 9 resp 
J7 8=2 5 Hz, IH, H8 or Ну), 6 01 В ol AB (dd, J 8 9=5 7 H/, J, 9 resp J 7 8=3 3 Hz, IH, H8 or Hy), 
3 73 (s, 3H, COOCH-,), 3 36 (d, J,
 2=4 5 Hz, IH, H2), 3 26 (s, 3H, OCH3), 3 07 and 3 04 (2xbrs, 
2H, H! and H7), 2 55 A ol AB (d, J,b=15 6 Hz, IH, one of H5), 2 10 В ol AB (dd, Ja b=15 6 H/, 
J=l 6 Hz, IH, one ol H,), 1 88 A о! AB (d, J1 0 a ш,=8 4 Hz, IH. H u k ) , I 72 В A of AB (d, 
j 1 0 j | 0 4 = 8 4 Hz, IH, H1 0 j) IR (CH2C12) ν 3600-3100 (H-bond OH), 3010-2820 (C-Η, sat ), 1725 
(C=0), 1660 (C=C, conj ) cm ' CI/MS m/e (7r) 237 (3, M++l), 171(100, M+-C5H6), 66 (13, 
C5H6
+) EI/HRMS m/e 237 0756 [cale tor C13H1704(M++1) 237 0749] 
( )-(lS,2R,6R,7R)-Mer/n/ 3 acewxs-6 methoxy-tnúo tncvclofS2 l 026hleta 3.8-diene-4-caib-
o ry late 26 
A mixture of 25 (240 mg, 1 mmol) in dichloromelhane (20 ml), acetic anhydride (2 ml), pyridine 
(10 ml) and DMAP (50 mg) was stirred at room temp for 3h Concentration in vacuo and 
subsequent flash chromatography (n hexane /EtOAc = 5/1 ) gave 26 (250 nig, 92%) as a colorless 
oil 
26 [a]D2,= -59 6° (c 171, CH3OH) 'H-NMR (400 MHz, CDC13) δ 6 18 A of AB (dd, J 8 9=5 6 
Hz, J,
 9 resp J 7 8=2 8Hz, IH, H8 or Hy), 6 06 В of AB (dd, J 8 9=5 6 Hz, J, y resp J 7 8 =3 3H/, IH, 
H8 or H9), 3 67 (s, 3H, COOCH,), 3 29 (s, 3H, OCH3), 3 22 (m, IH, H2), 3 02 and 2 94 (2xbrs, 
2H, HL andH7), 2 70 A of AB (d, J jb=17 4Hz, IH, one of H5), 2 25 В ot AB (d, Jab=17 4 Η/, 
IH, one of Η,), 2 24 (s, 3H, COCH3), I 84 A of AB (d, J1 0 a 10s=8 4 Hz, lH,H 1 0 s), 1 72 В A ol AB 
(d. Jioa ios=8 4 H z · 1 H- Hio,) n C NMR (100 MHz, H dec CDC13) δ 167 3/162 5/158 7 (quat ) 
137 9/133 7 (ten ), 119 0/89 7 (quat ), 58 5/51 3/51 149 9 (tcrt ), 48 5 (sec ), 43 6 (pnm ), 35 3 
(sec ), 20 9 (prim ) IR (CH2C!2) ν 3100 3020 (C-Η, unsat ), 3010-2820 (C-Η, sat ), 1760, 1700 
(C=0), 1650 (C=C, coni ) cm ' El/MS m/e (%) 279 (1, M++l), 235(4, M+-COCH3), 170 (100, 
M++l-COCH3-CsH6), 66 (10, C,H(,+), 43 (40, COCH3+) EI/HRMS m/e 170 0578 [cale lor 
C8H10O4(M++l-COCH3-C5H6) 170 0579] 
(-)-(lS,2R,4R,6R,7R) Meth\l 4 h\dioxv-6 methoxy 3 aro-endo trwyclol5 2 1 Q26ldec 8-ene-4 
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enáo-carboxylate 27 
A solution of 26 (190 mg, 0 68 mmol) in dichloromethane (5 ml), methanol (5 ml), hydiogen 
peroxide aq (35 %, 2 ml) and aq NaOH (0 2 N, 2 ml) was stirred at room temp tor 2h Alter 
adding 10 ml of water, the reaction mixture was extracted with ethyl acetate (3x), the organic 
layer was washed with brine, dried over Na2S04 and concentrated m vacuo to give a solid 
material Flash chromatography (n-hexane /EtOAc = 4/1) gave pure 27 (120 mg, 70%) as a white 
crystalline solid 
27 m ρ 103 5-105 5 °C (ether), [a]D 2 5= 113 5° (c 1 10, CH3OH) Ή NMR (400 MHz, CDCI3) 
δ 6 22 A of AB (dd, J 8 9 =5 2 Hz, J, 9 resp J7 B=1 9 Hz, IH, H8 or H9), 6 12 В of AB (dd, J 8 9 =5 2 
Hz, J!
 9 resp J7 8=3 4 Hz, IH, H8 or H9), 3 78 (s, 3H, COOCH3), 3 74 (s, IH, OH), 3 39 (s, 3H, 
OCH3), 3 22 and 3 14 (2 χbrs, 3H, H,, H2 and H7), 2 37 A of AB (d, Ja b=15 6 Hz, IH, one ot Hs) 
2 25 В of AB (dd, J
a b=15 6 Hz, IH, one of Hs), 2 13 A ol AB (d J 1 0 a 10s=8 6 Hz, IH, H1 0 s), 1 81 
В A of AB (d, J 1 0 a 10b=8 6 Hz, IH, H10a) n C NMR (100 MHz, Η dec CDC13) δ 209 7/171 0 
(quat ), 138 9/134 7 (tert ), 91 3/85 2 (quat ) 60 6/53 2/51 3 (ten ), 50 9 (sec ), 48 3/43 7 (prim ) 
38 0 (sec ) IR (CH2C12) ν 3500 (free OH), 3100 3020 (C-Η, unsat ), 3010-2820 (C-Η, sat ), 
1750 (C=0), 1730 (C=0), 1090 (C-O) cm ' ΕΙ/MS m/e (%) 187 (100, M++1-C5H6), 169 (14 
M++1-C5H6-H20), 66 (63, C5H6+) El/HRMS m/e 187 0606 fcalc lor С8НпО,(М++1) 
187 0606] 
(-)-(R) Methyl 1 hydrox\-4 methox\ 2 oxo c\tlopent 1 ene carboxvlate 8 
Flash vacuum thermolysis of 27 (90 mg, 0 35 mmol) was earned out as described in the appendix 
at the end of Chapter II [sample temp 80 °C, oven temp 500 °C, cold trap temp -78 "C 
pressure 3x10 2 mbar] and produced solid 8 in quantitative yield (65 mg) 
8 m ρ 157-158 °C (ElOAc), [ct]D25= 115° (c 1 15, CHC13) Ή NMR (400 ΜΗ/, CDC13) δ 
5 35 (s, IH, H3), 3 94 (s, ЗН, ОСН3), 3 87 (s, IH, ОН), 3 80 (s, ЗН, СООСН3), 3 18 A ol AB (d, 
J
ab=17 6 Hz, IH, one ot H,), 2 75 В ot AB (d, J j b=17 6 Hz, IH, one ol H5) l 3C NMR (100 
MHz, H-dec , CDC13) δ 199 4/189 9/171 5 (quat ), 101 0 (tert ), 79 0 (quat ), 59 2/53 4 (pnm ) 
40 5 (sec ) IR (CH2C12) ν 3510 (tree OH), 3700 3100 (H-bond ОН) ЗОЮ 2820 (C-Η, sat ), 
1740 (С=0), 1700 (С=0), 1595 (С=С, coni ) cm ' EI/MS in/e (%) 186 (55, М+), 158 (5 
М
+
-Н20), 127 (62, М+-СООСН3), 98 (100, МЧ1 COOCHrCO) EI/HRMS т/е 186 0527 
[cale for С8Н10О5(М+) 186 0528] 
(-)-(lS,2R,6RJR)-3-Me/hoxvcarbonvlox\ б methoxv endo tric\clo[5 2 1 Ó26ìdeca-3,8-diene 28 
A solution ot 20 (1 52 g, 8 5 mmol) in 10 ml ol THF was slowly added to a solution ot lithium 
dnsopropylamide [14 mmol, prepared from diisipropylamine (1 4 g, 14 mmol) and 8 5 ml ol 16 
M n-butyllithium] in THF (100 ml) at 78UC Alter the addition was complete, stirring was 
continued for 30 min Excess methyl chlorotormate (2 g) was added and stirring continued lor 
4h The reaction mixture was then poured into saturated NH4C1 aq and extracted with ethyl 
acetate The combined organic layers were washed with brine, dried over Na2S()4 and 
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concentrated in vacuo Flash chromatography (n-hexane /EtOAc = 6/1) gave a mixture (1 58 g) 
of 25 and 28 and recovered 20 (240 mg, 16% ) 
The above mixture ot 25 and 28 was dissolved in a mixture solvent of dichloromethanc (20 ml), 
pyridine (10 ml) and acetic anhydride (5 ml) and stirred at room temp tor lh Concentration in 
vacuo followed by flash chromatography (n-hexane /EtOAc = 6/1) gave pure 28 (1 11 g, 71% 
based on recovered 20) and 26 (460 nig, 25% ) 
28 [a]D 2 5=-21 6°(c 1 91,CH3OH) 'H-NMR (400 MHz, CDC13) δ 6 14 A of AB (dd, J 8 9 =5 7 
Hz, J 1 9resp J 7 8=2 9Hz, IH, H8 or H9), 6 02 В ol AB (dd, J 8 9=5 7 Hz, J1 9resp J 7 8 =3 3H7, IH, 
H8 or H9), 5 35 (d, J=l 0 Hz, IH, H4), 3 83 (s, 3H, COOCH3), 3 28 (s, 3H, OCH3), 3 15, 2 94, 
2 90 (3 χ m, 3H, H^ H2 and H7), 2 42 A ot AB (dd, Jab=17 6, J=6 4 Hz, IH, one of H,), 1 96 В of 
AB(dd, J
ab=17 6H/, J=2 7H7, IH, one ol H5), 1 85 A of AB (d, J 1 0 a 1 0 s=8 4 Hz, IH, H10b), 171 
В of AB (d, J 1 0 a 10s=8 4 Hz, IH, H10a) 13C-NMR (100 MHz, H-dec , CDC13) δ 153.0/150 2 
(quat ), 137 8/133 5/113 7 (ten ), 92 4 (quat ), 55 5/55 0/51 0 (tert ), 50 1 (prim ), 48 4 (sec ), 43 0 
(pnm ), 34 3 (sec ) IR (CH2C12) ν 3100-3020 (C-Η, unsat ), 3010-2820 (C-Η, sat ), 1760 (C=0), 
1660 (C=C, com, ), 1085 (C-O) cm ' С I/MS m/e (%) 236 (0 2, M+), 170(100, M+-C5H6), 111 
(M+-C5H6-COOCH3), 66 (19 C<¡Hf,+) EI/HRMS m/e 236 1047 Leale tor C13H1604(M+) 
236 1049] 
2-Methoxy-4-methox\caibon\loxvpentac\clol5 3 0 025 О19 O4 s]decane 29 
A solution of 28 (30 mg) in 10% acetone in benzene (2 5 ml) was irradiated for four days using a 
high-pressure mercury arc and a Pyrex tilter Concentration in vacuo gave 29 in quantitative 
yield 
29 !H-NMR (400 MHz, CDCI,) δ 3 77 (s, 3H, COOCH3), 3 35 (s, ЗН, ОСН3), 3 22, 2 99, 2 88, 
2 72 and 2 44 (5xm, 6Н, ten H), 1 93 and 1 76 2 χ AB (2 χ d, J=10 4 Hz, 2H, H6 oi H1U), 1 91 and 
1 35 2 χ AB (2 χ d, J=ll 2 Hz, 2H, H6 or H10) nC-NMR (100 MHz, H-dec , CDC13) δ 
153 9/93 9/83 5 (quat ), 54 5/53 1/49 3/48 1/45 1/41 8/39 0 (tert ), 37 2/25 1 (sec ), 35 3 (tert ) IR 
(CH2C12) ν 3010-2820 (C-Η, sat ), 1750 (C=0) cm ' CI/MS m/e (%) 236 (0 9, M+), 170(100, 
M+-C5H6), 111 (43,M+-C,H6-COOCH3), 66 (6, C,H6+) EI/HRMS m/e 236 1047 [cale for 
C1 3H1 604(M+) 236 1049J 
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SUMMARY 
This thesis deals with a detailed study of the e«dr?-tncyclo[5.2.1.020]decadienone system i 
to further extend its scope as synthon/chiron for naturally occurring or pharmacologically 
important cyclopentenoids. The study begins with a stereo- and enantioselective synthesis of 
AcO 
l a R= H; l b R= C02Et, 1c R= C02H 
V=\AA 
3 R=CH2OH 
COOCH, 
О' О 
4 X= CI, Br, I, OR, 5a R= H, 5b R= Me, Bu, Ph 6 
SR, SeR 
some naturally occurring marine prostanoids, e.g. clavulones 2 and their analogues 3. Another 
topic concerns the transformation of carboxylic acid lc into a series of 6-functionahzed 
tricyclodecadienones 4 from which the hitherto unknown norbornene-annulated cyclopentenones 
5 are readily accessible. On the basis of this chemistry an cffecient stereo- and enantioselective 
synthesis of kjellmanianone 6, a naturally occurring cyclopentenoid, has been accomplished 
starting from enantiopure ester lb. Finally, lithium dialkylcuprate additions to 
tricyclodecadienones 4 have been studied in order to gain better insight in the stenc and electronic 
features that control the stereochemistry ol these 1,4-additions to the tncyclodecadienone system. 
In the introductory Chapter I the synthesis and properties of tricyclo[5.2.1 026]decadi-
enones, and their use in the synthesis of cyclopentenoid natural products lollowing the synthetic 
strategy depicted in Scheme 1, are briefly reviewed. 
Scheme 1 
chemical 
• 
transformations 
thermal 
cycloreversion 
^ 
О о' 
In Chapter II, the stereo- and enantioselective synthesis of clavulones 2 and their analogues 
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3 is desenbed. Key intermediates 14a and 14b are obtained from en<¿o-tncyclo[5 2.1.02,6]decadi-
enones la and lb in 6 and 8 steps, respectively, through the reaction sequence outlined in Scheme 
2. Crucial steps arc the reductive cpoxy ring opening in compounds 8 and 10 to give the 
Scheme 2 
LlAIH, 
1a R=H, 1b R=COOEt 
rt 4 days 
,— 9 R=CH2OH 
L^10R=CHQOTHP 
H R = H , CH2OTHP 
14a R= H, 14b R= CH2OTHP 
corresponding diols 11, and the thermal cycloreversion of 12 to cyclopentenoids 13 using the 
technique of flash vacuum thermolysis (FVT). Stereoselective hydrogénation of 13 led to 14a,b in 
good overall yields The synthesis of enantiopure ()-14a represents a formal total synthesis of 
clavulones 2 because 14a, although not enantiopure, had already been used earlier for the 
synthesis of 2. The synthesis ot clavulonc analogues 3 (X= CH2OH) has been completed 
following essentially the same procedure as used for the synthesis of clavulones 2 from 14a 
(Scheme 3) Condensation of 14b with aldehyde 15 afforded a mixture ot cis- and tiara -alcohols 
Scheme 3 
1 LDA -78 u c 
O H C
ч
Л ^ ч / ч COOMe 
HO 
14b (R= CH2OTHP) 
15 
CCLCH, 
16 
CO,CH, 
Ac20/DMAP 
AcO AcO 
ρ ITE 
U* 3E 3E R=CH2OH С 
17Z R=CH2OTHP 
3Z R=CH2OH 
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16 which was converted in a mixture ol 17E and 17Z (ratio E/Z 3 5/1) by treatment with acetic 
anhydride in dimeihylaminopyndine Removal of the protecting THP-group by treatment with 
aqueous acetic acid gave the desired clavulone derivatives 3E and 3_Z 
Chapter III describes the highly rewarding transtormalion ol e/i^o-tncyclo[5 2 1 026]-
decadienone carboxyhc acid lc into a senes oí 6-substitutcd tncyclodecadienones 4 using 
Barton's radical decarboxylation methodology (Scheme 4, Table 1) Particular attention is given 
1c 
COOH 
(COCI)2 DMF 
2 NaO 
Ρ 
Scheme 4 
>ІУ 1 hv or Δ 
S* 2 trapping reagent 
18 
Table 1 
4a 4b 4c 4d 4e 4Γ 4g 4h 4i 
yield(%) 
Η 
SPy CI Br I CH,S PhS PhSe OH 
trapping (PhShSb 
reagent t-BuSH none t-BuOCl BrCCl3 HCl, (MeS)2 (PhS)2 (PhSe)2 н 0 д } 
60 >90 30 93 62 22 42 94 40 
to the tricyclic bromide 4_d which upon basic treatment in methanol gives rise to rapid elimination 
of hydrogen bromide to lorm norbomene-annulated cyclopentadienone 19 (Scheme 5) This tn-
cyclodecatnenone 19 is too reactive to be isolated and rapidly undergoes either regio and 
stereoselective nucleophilic addition to give 20 or Diels-Alder dimenzalion to al lord 22, 
depending on the applied reaction conditions (Scheme 5) The éWo-configuralion ol 20 has 
unambiguously been proven by its quantitative conversion into 1,3-bishomocubanone 21 by 
irradiation in toluene Further prool lor the intermediacy of 19 in these reactions was obtained 
from its trapping in a crossed Diels-Alder reaction with cyclopentadiene (Scheme 6) The 
structures of 23 and 24 were secured by correlation with the known compounds 26 and 27 
The convenient and rather general synthesis of a variety ot 6-substituled tncyclodecadi-
enones 4 oilers good prospects tor the synthesis ol interesting natural products This is 
exemplified by the stereo- and enantioselective synthesis ol kjellmanianone 6 (Chapter VI) 
In Chapter IV, the successful preparation of a series ol norbornene annulated substituted 
cyclopentenones 5 is described Parent tncyclodccadi-2(6),8 ene 5a, an hitherto unknown 
compound, has been obtained in good yield by subjecting bromide 28 to base induced elimination 
Both the endo- and гло-tncyclodecadienone la and 29, which are also formed, can be readily 
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Scheme 5 
осн. 
hV 
4d 1 9 \ Et3N MeOH 
reflux 
21 
-OCH„ 
Scheme 6 
4d 
27 
Et3N MeOH 
cyclopentadiene 
hv 
10% acetone 
in benzene 
23 
25 
1 L1/NH3 
2 PCC 
ratio = 1 2 
O ' H 
24 
separated from 5a (Scheme 7) Some 5-substituted analogues 5b can be conveniently obtained 
from tricyclic selenide 4h Nucleophilic cuprate addition ю 4h stereoselectively allords 
í-nc/o-S-substituted selenides 30 which on oxidative elimination produce tricyclodecadienones 5b 
in excellent yields (Scheme 8) 
In Chapter V a study ol the facial stereoselectivity ol lithium cuprate additions to endo-
tricyclodecadienones 4 in relation with the steric and electronic leatures of the 6-subsutuent is 
described (Scheme 9, Table 2) A strong directing elicci ol this γ-substituent on the stereo­
selectivity of these 1,4-addinons to annulated cyclopentenones 4 was established The 
introduction ol an alkyl or aryl ether function containing oxygen, sulfur or selenium leads to a 
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Scheme 7 
Br 
Et3N М ОН(14) 
reflux 
28 
f • Û^ 
нЛ 
2? (5%) 
Scheme 8 
SePh 
-78 °C 
A. S 4 
4h 
ePh 
'"'R 
30 (X= SePh) 
R= Me 
η Bu 
t Bu 
Ph 
Nal04 MeOH 
5°C 
yield=89% 
86% 
25% 
70% 
5b 
82% 
81% 
76% 
90% 
remarkably high ?/îifo-slereoselectivity despite the severe stenc hindrance exerted by the 
norbomene C8-C9 double bond at the endo-face ot the cyclopentenone moiety in 4 This high 
facial stereoselectivity observed lor tncyclodecadienones 4 is typically associated with the 
electronic leatures of the substituents which may interact electronically with either the 
enone-cuprale complex or with the incoming nucleophile From a synthetic point of view the high 
ercdo-selectivity of cuprate additions to 4 opens interesting prospects lor the stereoselective 
synthesis of cyclopentenone building blocks with distinct stereochemistry at the 5-position 
Scheme 9 
31 
""R 
30 
In Chapter VI the stereo- and enantioselcclive synthesis ot kjcllmanianone 6, a natuially 
occurring cyclopentenoid, is reported (Scheme IO) Starting trom cnantiopure bromide ( ) 28, 
which is readily available from the corresponding acid using Barton's radical decarboxylation 
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Table 2 Stereoselectivity ot lithium dialkylcuprate additions to 4 
4 (Χ) 
Η 
C 0 2 E t 
OMe 
SMe 
SPh 
SePh 
S(0)Me 
S(0)Ph 
R2CuLi 
Me 
η Bu 
Me 
n-Bu 
Me 
n-Bu 
Me 
Me 
n-Bu 
Mc 
n-Bu 
Me 
Mc 
temp 
-78 °C 
.1 
•' 
,| 
„ 
„ 
„ 
„ 
„ 
" 
„ 
o°c 
" 
yield 
>90% 
>90% 
90% 
90% 
96% 
69% 
97% 
907c 
85% 
89% 
86% 
98% 
46% 
cxo 31 / endo 30 
100/-
100/-
86/14 
95/5 
23/77 
40/60 
-/100 
-/100 
4/96 
-/100 
-/100 
-/100 
-/100 
Scheme 10 
X. Br 
кон сн,он 
о 
(-)-2β 5а 
OCH, 
FVT 
OCH, 
OH 500 °C 0 03 mbar 
'"СООМ 
1 LDA 78°C 
2 ( С Н 3 0 ) г С О ^ 
3 A c , 0 Py rt 
(-)-зз (-)34 (-)-(R)-6 
kjellmanianone 
approach (Chapter 111), methoxide (-)-32 is obtained in almost quantitative yield by base induced 
elimination ol hydrogen bromide in (-) 28 lollowed by stereoselective methanol addition to 5a 
Carboxymethyldlion ot (-)-32 and subsequent epoxidation ol enol acetate (-)-33 (R= Ac) using 
alkaline hydrogen peroxide attorded hydroxy-cster (-)-34 as the only product Thermal 
cyclorevcrsion of (-)-34 using flash vacuum thermolysis gave enantiopurc (-)-kjellmanianone 6 in 
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quantitative yield On the basis of the absolute configuration ol (-)-34 (X-ray analysis) it was 
shown that the absolute configuration of (+)-lqellmanianone 6 as published earlier had to be 
revised 
In conclusion, the stereo- and enantioselectivc synthesis ot naturally occurring marine 
prostanoids clavuloncs 2 and analogues 3 convincingly demonstrate the great potential ot the 
tncyclo[5 2 1 O26ldecadienone system i as a synthetic building block in natural product 
synthesis The tacile transformation ol tncyclodecadienone carboxylic acid lc into a wide variety 
of 6-functionahzed Iricyclodecadienones 4 has considerably extended its synthetic scope This is 
demonstrated by the stereo- and enantioselective synthesis ot kjellmanianone 6 
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SAMENVATTING 
In du proefschrili worden de resultaten beschreven van een onderzoek betreffende verdere 
toepassingen van het e«rfo-tricyclodccadienon-systeem 1 voor de synthese van natuurlijk 
voorkomende en iarmocologisch interessante cyclopentenoidcn Deze studie begint met een 
AcO 
l a R= H 1b R= C02Et 1c R= C02H 
OAc 
COOMe 
V=\AA 
COOMe 
3 R=CH2OH 
o o 
4 X= CI, B r i , OR, 5a R= H, 5b R= Me, Bu, Ph 
SR, SeR 
stereo- en enantioselectieve synthese van enkele marine Prostanoiden de clavulonen 2 en enkele 
analoga 3 Het volgende onderwerp belrell de omzetting van carbon¿uur le in een reeks van 
6-gefunclionaliseerdc tncyclodecadienonen 4 die ondermeer toegang bieden tot een nieuwe klasse 
van tncyclodecadienonen, de norborneen-geanneleerde cyclopcntenonen 5 Gebaseerd op deze 
chemie is cen etticiente stereo- en enantioselectieve synthese van kjellmanianone 6, een 
cyclopentenoidc natuurstol, gerealiseerd, uitgaande van de enantiozuivere ester 1b Tenslotte zijn 
de addities van lithium-dialkylcupraten aan tncyclodetadienonen 4 bestudeerd om een betei 
inzicht te kri|gen in de stensche en electronische factoren die de stereochemie van deze 
1,4-additics aan het tncyclodecadienonsysteem bepalen 
In het inleidende Hoofdstuk I wordt kort ingegaan op de synthese en eigenschappen van het 
tncyclo[5.2 1 02(i]dccadicnonsysteem, en /ηη toepassing in de synthese van cyclopentenoide 
natuurstoffen De synthetische strategie die ten grondslag ligt aan dit onderzoek is weergegeven 
in Schema I 
Schema 1 
chemische Π 
omzettingen 
thermische 
1 
cycloreversie 
fy 
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In Hoofdstuk Π worden de stereo- en cnaniioselectieve syntheses van clavulonen 2 en hun 
analoga 3 beschreven Sleutelverbindingen 14a en 14b werden verkregen uit enclo-in 
cyclo[5 2 1 O2 6]decadienonen la en lb in respectievelijk zes en acht steppen via de synthetische 
route die is weergegeven in Schema 2 Belangn|kc stappen in de/e route zijn de reducticve 
Schema 2 
ÜAIH. 
kt 4 dagen 
1aR=H 1bR=COOEt 
PDC 
R 
8 R=H 
I— 9 R=CH2OH 
L^10R=CHpOTHP 
11R=H CH2OTHP 
_ _ 14a R= H 14bR=CH2OTHP 
opening van de epoxide-nng in verbindingen 8 en 10, waarbij de overeenkomstige diolen Π 
worden gevormd, en de thermische cycloreversie van 12 tot de cyclopentenonen 13, waarbij 
gebruik wordt gemaakt van de llils vacuum-lhermolyse techniek Stereoselectieve hydrogenenng 
van 13 gaf tenslotte in goede totaalopbrengsten 14a en b De synthese van enantiozuiver ( ) 14a 
kan in feite beschouwd worden als een tormclc totaalsynthese van clavulonen 2 aangezien dit 
cyclopentenon, alhoewel niet enantio/uiver, reeds eeider is toegepast voor de synthese van 2 De 
synthese van enkele clavulon-analoga 3 (X= CH2OH) werd gerealiseerd door dezelfde strategie te 
volgen als gebruikt voor de synthese van clavulonen 2 uitgaande van 14a (Schema 3) 
Condensatie van 14b met aldehyde 15 gal een mengsel van c/v- en tians alcoholen 16, dat werd 
omgezet in een mengsel van 17E en 17Z (verhouding E/Z W l ) door behandeling mei 
azijnzuuranhydnde in de aanwezigheid van dimethylaminopyndine (DMAP) Verwildering van 
de THP-beschermgroep door behandeling met waterige azijn/uur gat de gewenste clavulon-
denvaten 3E en 3Z 
In hoofdstuk III wordt de zeer lonende om/etting van endo tricyclo[5 2 1 026]decadienon 
carbonzuur lc in een reeks van 6-gesubstitueerde tncyclodecadienonen 4 beschreven Hierbii 
wordt gebruik gemaakt van de radicaaldecarboxylenngmethodologic die is ontwikkeld door 
Barton (Schema 4, Tabel 1) Speciale aandacht wordt gegeven aan het tricyclische bromide 4d 
dat bij behandeling met base in methanol, aanleiding geeft tot een snelle eliminatie van broom-
watersiofzuur waarbij norbomeengeannelecrd cyclopentadienon 19 wordt gevormd (Schema 5) 
Dit tricyclodecatnenon 19 is te reactief om te worden geïsoleerd en ondergaat afhankelijk van de 
gebruikte reactiecondities 61 een snelle regio- en stereoselectieve nucleotide additie van 
methanol, waarbij 20 wordt gevormd óf een Diels Aider dimensaliereactie tot 22 (Schema 5) De 
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Schema 3 
но 
14b (R= CH2OTHP) 
O OH 
1 LDA. -78 °C CO,CH, 
AcO 
£ 
16 
Ac20/DMAP 
17E R=CH2OTHP 
AcO 
I I I i- π 
I—• 3Z R 
17Z R=CH2OTHP 
=CH2OH 
Schema 4 
1c 
COOH 
1 (COCI)2, DMF 
2 NaO-N 
S Ρ 
Ν
Γ } 1 hvof Δ 
S 2. afvangreagens 
4a 4b 4c 4d 4e 4Γ 4g 4h 4i 
H SPy Cl Br MeS PhS PhSe OH 
(PhShSb 
rcagens t-BuSH none l-BuOCl BrCCl3 HCl, (MeS)2 (PhS)2 (PhSe)2 H„0/C)? 
opbrengsl(%) 60 >90 30 93 62 22 42 94 40 
f/jf/o-configuratie van 20 werd ondubbelzinnig bewezen door de kwantiialieve vorming van 
1,3-bishomocubanon 21 bij de bestraling van 20 in tolueen. Een verder bewijs voor de vorming 
van 19 in deze reacties werd verkregen door een afvangexperiment met cyclopentadie'en in een 
gekruiste Diels-Aider reactie (Schema 6). De structuren 23 en 24 werden bewezen door correlatie 
met de bekende verbindingen 26 en 27. 
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Schema 5 
4d 
OCH, 
1 9 N. EI3N. MeOH 
koken 
hV 
21 
-OCH, 
Schema 6 
Et3N, ΜβΟΗ 
cyclopentadieen 
4d 23 
hv 
10% aceton 
in benzeen 
27 25 
1 L1/NH3 
2 PCC 
Ο ' Η 
24 
verhouding = 12 
De eenvoudige en algemene synihe.se van een grole variëteit aan verschillend 
6-gesubstilueerde tncyclodecadié'nonen 4 uit lc biedt uitstekende mogelijkheden voor de synthese 
van interessante cyclopentanoide natuurproducten. Dit wordt geïllustreerd door de stereo- en 
enantioselectieve synthese van kjellmanianon 6 (71e Hoofdstuk VI). 
In hoofdstuk IV wordt de synthese van enkele norborneen-geanneleerde cyelopcnienonen 5 
beschreven. De stamverbinding, tncyclodecadi-2(6),8-een 5a, een tot nu toe nog niet eerder 
gesynthetiseerd tncyclodccadienon systeem, kan in goede opbrengst worden verkregen door het 
bromide 28 te onderwerpen aan een basische eliminatie reactie (Schema 7) Zowel het endo- als 
het exo-tricyclodecadiënon, la respectievelijk 29, die ook werden gevormd, konden gemakkelijk 
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Schema 7 
Br 
Et 3 N. М ОН(1 4) 
koken 
О 
28 5a (60%) la (20%) 29(5%) 
van 5a worden gescheiden. Enkele 5-gesubstitueerde analoga 5b werden verkregen uitgaande van 
hel iricyclische selenide 4h (Schema 8). Nucleohele cupraal-additie aan 4h geven in een volledig 
Schema 8 
SePh 
4h 
R,CLILI 
•78 "C 
N a l 0 4 , CH3OH 
5°C 
30 (X= SePh) 
Me opbrengst= 89% 
n-Bu 86% 
t-Bu 25% 
Ph 70% 
5b 
82% 
81% 
76% 
90% 
stereoselcctieve reactie de endo-gcsubstitueerde sclenides 30, die na oxidatieve eliminatie in 
uitstekende opbrengsten de incyclodecadiënonen 5b opleveren. 
In hoofdstuk V wordt het onderzoek naar de stereoselcctiviteit van lithium dialkyl-
cupraat-addities aan tw/rt-iricyclodecadienonen 4 in relatie tot de stensche en electromsche 
eigenschappen van de 6-substituent beschreven (Schema 9; Tabel 2). Hierbij is een sterk sturende 
Schema 9 
FLCuLi 
31 
' R 
30 
invloed van de γ-substituent op de stcieoselectiviteit van de/e 1,4-addities aan 4 vastgesteld. De 
invoering van een alkyl- ol een arylether-functionaliteit die /uurstof, zwavel of selenium bevat, 
leidt tot een opmerkeh|k hoge e«¿/o-stereoselectiviteit ondanks de grote stensche hinder 'die wordt 
uitgeoefend door de C8-C9 dubbele binding aan de еіиіо-гцйч van de cyclopentenon-eenheid in 4. 
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Tabel 2. Stereoselectiviteit van lithium dialkylcupraat-addities aan 4 
4(X) 
H 
C02Et 
OMe 
SMe 
SPh 
SePh 
S(0)Me 
S(0)Ph 
R2CuLi 
Me 
n-Bu 
Me 
n-Bu 
Me 
n-Bu 
Mc 
Me 
n-Bu 
Me 
n-Bu 
Me 
Me 
temp. 
-78 ÜC 
II 
• ' 
., 
„ 
1, 
I . 
„ 
,. 
•I 
.1 
o°c 
» 
opbrengst 
>90% 
>90% 
90% 
90% 
96% 
69% 
97% 
90% 
85% 
89% 
86% 
98% 
46% 
ехоЗІ /endo 30 
100/-
100/-
86/14 
95/5 
23/77 
40/60 
-/100 
-/100 
4/96 
-/100 
-/100 
-/100 
-/100 
Deze hoge ew/o-stereoselecliviieil is typisch verbonden mei de electronische eigenschappen van 
de subsliluenien. Deze subsliluenten kunnen electronische interactie geven met òl het inkomende 
nucleofiel of het gevormde enon-cupraat complex. Vanuit synthetisch standpunt opent de 
gevonden hoge éwifo-selectiviteit in de cupraat-addities aan 4 goede perspectieven voor de stereo-
selectieve synthese van cyclopentenoide bouwstenen met een goed gedefinieerde stereochemie op 
de γ-positie in het cyclopcntenon-nngsysteem. 
In hoofdstuk VI wordt de stereo- en enantiosclectieve synthese van kjcllmanianon 6, een 
cyclopentenoide naluurslof, beschreven (Schema 10) Uitgaande van bromide (-)-28, dat goed 
toegankelijk is uil het overeenkomstige carbon/uur via Barton's decarboxylaliereaclie (/ie 
Hoofdstuk III), kan het methoxide (-)-32 in bijna kwantitatieve opbrengst worden verkregen dooi 
een basische eliminatie van broomwaterstofzuur uit (-)-28 gevolgd door een snelle stereo-
selectieve methanol-additie aan 5a Carboxymethylenng van (-)-32 gevolgd door epoxidatie van 
enolacetaat (-)-ЭЗ (R= Ac) met alkalische waterstolperoxide geeft vervolgens de hydroxyester 
(-)-34 als hel enige product Thermolyse van (-)-34 onder FVT-condities leidt tenslotte tot hel 
gewenste cnanliozuivere (-)-kjellmanion 6 in nagenoeg kwantitalieve opbrengst Op basis van de 
bekende absolute configuratie van (-)-34 (rontgenanalyse) werd verder vastgesteld dat de absolute 
configuratie van (+)-kjellmanianon 6 die in de literatuur wordt vermeld, niet |uist is. 
Samenvattend, de stereo- en enantioselectieve synthese van enkele clavulonen en 
(-)-kicllmanianon 6, /oals beschreven in dit proel schnti, illustreert op overtuigende wijze de grote 
kracht van het tricyclodecadienonsysteem 1 als bouwsteen in de synthese van natuurproducten 
De eenvoudige en veelal etfiuenlc omzetting van het tncyclodecadienoncarbon/uur le in 
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Schema 10 
кон, сн,он 
о 
(-)-м 
H OCH, 1 LDA, -7в°С 2 (СН 3 0) 2 СО 3 Ас 2 0, Ру, kl 
5а 
о 
(-)-32 
OCH, Х ^ oc OCH, 
RO CO,Me 
FVT 
(-)-зз 
^ОН 500 "С, О 03 mbar 
О' "'СООМе 
(-)-34 (-)-(R)-6 
kjellmanianon 
6-gefunctionaliseerdc tricyclodecadiënonen 4 heeft de synthetische mogelijkheden van dit 
tricyclische systeem aanzienlijk verruimd. 
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